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§1.1 lntroductlan 

~ ... • .. ~ - - ~·''j ,-,- .>,'...:""' ~i ;~.. /0.iJ-- i: ~.:. :i 

arduoua procw. It le mt unoa••on to lnveat ......, ywa In the production of 
:.~:;···. :·-i---s;.<". ~. 1 ·1·t· . ,. ~·.;.~ 1 >)~·--~'',. ·,'".~f:.-:·, C : .. : .. ,... .."·;~j·i'i.:.1".,"';-£) .. s ,~· .. ~· :fh;~_:..:.-~,, .:-.~~- : --~-,;~~ .. ::-,~r~::-?-:_~ 

an ~ OGmPler; .. uaeln a••Pl•re _. ...... far PUI on MULTICS and 
'• \.·.·--:'..i :-:·;-' ~\l'-'-~ ~-·~~-~~.-·!c :;~~ "·.\>:f:,ti:ff~->-'t;.~i#,"t1 .;;~~ ·:.~n,_,,;;,._)l ~ 

8yatem 810 ftGlvad ·OVS a deoade 01 -. WIMt tile ...... development of new 

. t~i: - ' ' "·~ - - -' ~ \~_-·'f --:~ .·;j,.~t;:. :'':--.f~~~:.~~ :;~•?''~~~~- :.~:: ~' i>fi~-~3-~, 

lnvMtment 18 no longer ,.. .. .._., ••P•alldty If ..,. II llttle OAf'IY'OV• from one 
·_.:1 '>'. 

lmple••ntatlan to the nut. 
<.' . t-_~ ) 1' . ~-\ ·, -'l! ,. . • .;:;: . '- \' ' 

CGllPler wrtt.... ~ ....... frm tM - Mady. M the 8hoeM9ker'a 
,,;,._ ...... ;-: .. , ··~.- ,: t--i-~ - ... ~·:·\>·tn ~~-;. :...:-=· yt·;:~~··,.,,,'-a!-1-i ·.9~::-::-,:. ·. ./'" .-:~-' "\'' 

ohlldren: they .... 1D be the a.st to .,_.. ,.,_ tile ,_ .-.i¥•il•nte In CGRIPU.r 
• $• ~~~ • -, 1 • ':-:-·_.c :.-~_-, ·-.f,. :·,:. •• ·,,1 '~"'~oL-i~< ; .. .-~)-.? .,_-") ~'~frT ~ : -.. ;r··~~· .-i. ';~}~ 1 { ,:-~'t-44'.', 

language technology ·that ...,.,,. orteoted ......,... '"'°'"'ans have Incorporated. 
·,: <" ., ":,\, ~-.. -, 11.C ~-~,-;-·~~~ :~-·3· -.·~-... ~£.~~- 1 '.~~~4~£;[\:: . ...}; ~,,:,~7 t·t: ~;J:1 ':.'{~~~£:,~·~ 

The ourreftt r••••Db ltaa bw dlraoted ...... ...-,. .. , Ute aa111Pler writer with 
':.·-~:t.JV.:···""~j ".·-.,Q'··~.q ~·.C ~iii".'¥-.'~ ;,_:·t~Jfl~ ~~~;:: ~L,,~ "~,)'. .. f!-.(···'.,·,>1 

the ·- high-level tDOla thtat ... pl"OVtde9 for ........ "' .. eWort to autolUt• 
- •. /: _: ~J.'1" ·:-\~} ·~ - .i;~~ ;' ..;,· ,. '<n ~)\~ :·:i· .. ~~;~~- >fr>',~ _;·, .' r< 

OOllPHW praductlon. avate•• t1eve been.,_., .. ,, .. to --•11t111111y .....,.te thoee 
' c ·s.. . :: "!~ >'l~ ~;:::_ ~f-~''J.i -· :~ <Z~ -; ,~\: 5:· ~- r ·:;{I , .~ (>J '\:,··.-.,·;~·~"'ef·t:!-. .,J'. '~ 'l ~'-' '.1; • '. _. ~~· 1:. 

portloRI of the OOllPl•r wttloh tranel9t• ._ woe ....... prograM Into an 
·-:,,-:- ~.»}- -, -J~};~ 4 .·; .. -:- ~r~~~~t~,\·~~ ->et~~-~~J:;;4 ·_.~·~tr:1;"'~,~;. t·=c( ·'1:;.~·~!"1~\ '*~,,,':';~,i·'::~P$loa-~::· :-r 

Internal fann eultabte fer oocte ......,.... T1'w ayatt1•1 have 9fthanoecl 
' 

portablllty and extenlllllty of ttMa ~ c•11l1r wltMut a stenlftoant 
·~. ~d~·;' ·r:· :1'".'..-'·g.); :~· .. :·i_"·>i~-~~.t ~-i;:;·H''f!·~,;~~ t~e~·:p, ... , ·'"f'!~J 

degradation In lta PtllforMnoe. The ..., ••• of a • ., ..... thaM oonoerned 
~~ ~--':· .J ··~_,;, ·-~~:r·t'·1 rrr1itf~~,~~ill.:~. lv ~· '// -;.ff8~:·· ·~·_;'";,.J.,'<.._: ~ 

with code ........... J.,..',...,.,,.,11111.1.-..,,Al •H•(••r·tt az 9..._.i!.,....nt . . 
approace..s -. Rfil'lltl• ·{W UA)a:_.. ._.. •JI t · 1 u• t••• .. ..,. <01,,,..,.clng a 

' ;'·_~-~~-{ . ~';,,· .. , ~:;. ,:>~;'_"~'$", - ~i .. ji~t~·l .. ~:,;:·--:_;' ~. .. .. '¥':~- ;· ;:.':~ r..:.'.,i't>:: ~ 

apecltlC#lllon of •··~••n ........... ,.._.._~•••••t1n.J111c-.itcuotlilt~~- COde 

Chapter One - I~ 1. 



..,.._ la UMd u th9 Internal 

repr .. entatlOn flf ._ .... 11111.....,·- -. ...... ..,.... c..-tdact a.y the ftret phase 

of ttMt ....,,._) .. • ................ .,.ltW•••••• •en tl ,,.. .. ; the ftnal 

output le the ll r•••••*'- of .. tarflet •chta• ,,..,... The aetalnterpreter 
_, ,'.,~~$~'.~ .. ~' « • > 1. . .- ,. 

haa a detded _.. •• ,_ flf ._ ••••tlm flt I. ,.... ••. and le c.pable of 
' . ~ '-· t~r-f 1; •• _ 9Jr~-:;;;rd·j~-~~-f)o'. ~~:i';>:}$(#,,~ & w~ -:'.;<,;.-~.~~:<:~ ;,:_:·! ~ .. ·~ :.. '• ·{~· 

perfonntng _,. trw•-• Md .,....,.,.. • ._. praorw. Th• 
<...',•::. \·~:t: ,.,-J'' ,,.-~,..;;.; ..!·t~· ---~- ,"/1)~.;~i~'" ;::,..t ,,:;:..~· ~ ,,_. "• 

..aaant1ca or a..,.._,, ... 1111111• ••••• • wy ..... ,._ anc1 Whlnn: 
, _, - .. ""'·r· , ..... ~.; "'_:,··~~!tH~to.,.·· · .. ,_·:~_.f __ ,..: i?~~"ti- ~~~$5,· ',:-,~., -~iL,·:~'"~; -:"" .· __ .. :~ 

ftow of oontlal Md • ••111•111t Ill n•• Mlt _.. .. .,. tlle ~ prlr!ttttv• 
' ' ~"(.) ~ 1:', • :·~· p~{: ;• .::-"":,·::;:,:~ 1•J: >~l:~.<i:)·;.~<;> -~ )~ •L.<->·'(;- "c'"",l•',,,~' •7.,,;<:i ;, < •::> 

oonceptti • ., • ..,..... of ••at•• wl ...,,, ... •~••Mt~ (1.9., the 
;:o'.n ~ · :·· -., .·"r;_.·. :;~;, -;;:(~r~1rr.1~~·~;~":~>;.:~. g,, ~~· t.-:~·.f;l ~··"' ~-5"\t!'f,, t ,,_, .:c~~ 

••••ntlca of IMltv'tdl• ..,...,., are IMMllld by ._ · dHfll• In the form of a 

,,,,,,.formllllon oatll'o.,.. tn ... ...,., tfte 11 ....... fl/I ll wve u COlllMOn 9round 
.. ·\~_ ~)~ .·~ti." , r~.:. · ,. ~~~. ·~:, ·· -· ·"": ·· 

on which the dMI...., ( ... ougtt tlle trwftllrMtkM oatataeue> •explalml• the source 
l : ' ' ·~ ;;.'!'~;,~ ·~r;·.r ---~i; :. ; 1~.:;t~~;:~, <~:~·n;f/·1·t~--~;-" .:: ·1~:. ,.; ,_rt. ~ 

languaoe and taraet ........ ta tt.. ~ wNctl then perforu the 
• ,. ' · ~· .1.~ . -"1 , t ·1~ ·1~. ~~'fJ '<t~{! t.'~t . /{h I 

appropriate trlln9latlln. 1'1111 ....,........ la In ..,. flf a ._.y.etep ayntactlc 
• •· .. c • ~«·!-·~>.~1: F~-1.- c~>~:.-~1-~:,£ ;., ~'->':§fil:')~~:~"?f.~j;r,;~.;_· __ ;_ -< . L ~· · -

1 
··- ·,.;~ 

IWllpullltlan of the ... ,,..,... ............................... ·~ 
~' 4 ·.:·~-· · ·- _: · · :j '.·: "1fitf.~"} ~.:-._,: \;_ ·:;;-·;~t'J -~~.::. L .. ,::f rlir;!~v·~:=· ' ·,':_.N • ... -~'. ' ~~ · 

lnfanaatlan tar ... ..........,,... ., prowtd• . ........ tranalatlane I for .IL 

atat--* whloh are not Jet .,._ ••....,.. ........ -.. llnft the 
- ."''· .,<~}~ ~\~:d -~·} · 1 ~~d iiVf::~; '.·:::¥.~$!'!'."~~~ ~:-~<,.;~;·"· -~~''.l ~.' .. ;. 

metalrlterprets 1noorporatea ..,.y of ttte _......_ ••••ctr•\' pertonned by 
·,. • · "-"~·-··:::_j-:i.·.~ ¥;..,~ ,~ ··~)~irf5~f · ,~r,:;;-~ -~.._ r~h~~;'r~{;''~. ,,. f.i>,1{ 

COlllpltef'a, the ................. nat ••"1 ... _.. .. ............_ ......... or 
"'~ ·..{ · '.'. ·::1ff~·7-.~ ~~:-::-~ ~-f.,":-~:J ·~n.~ :':-5<-~~.· .. ~~~~.:c ,. f' .... ~-

2. 

• U a ODRV .. lillnt way of , ........... 11l81• llHOrlJ91M of M .... lttliit . ·~ -~·iW .. llh Ill .. lisl 111 ··--··
1

----l)t'. 

• • a, .• ,._,,,_.ldlllf ..... ~f·!\·•ilHli _.,-4 ... 1 ._, .. 

Interpret.cl to ltfl lllioa an w•tlllll V..1ta111n (..... ayntax ...... ~ .... ··· ·-··· -----·l'i······ 1••' • • • _.v,., :'8';°' •J•t• --.>aJl11111•• i'thlllf11tw·1•• ·ecrw · 
.-waw (1l1llar tD 1lla WWllBI epeallaal ld ,.. tD a --••r 
oontpler). 



' ' :· _---:------ - . 

Each aucceaalve uae requtrea a lllOl'8 thorough .,,.....tandfng of the apeclftcatlon 

but repaya thla lnvutllent wltlt a correapondlftl Iner..,..'•~ deON•· bf 

a~tlQn •°'*tY•d. · n.t- ....... II , .... ,,;tor, tlltt -:~,ttaft "GIT ·a~ better ... . . ' .~· - ·-. . . '' -· ~ . 

underatandlng of the .._. _ _,.i- .... .. 1 •ta Ill! ._ ••ldeatlol't. "'""""' .. , . ......,,, ""~' ... u a•~ i:· ~ 

~UC, . .,..__,_\ r# ,.,.,.,.,,_. 11,P.,...,~,._ •''t1BtalllfUF1.1•.ot.,... require 
, .. ·.-~ .. _,···.·,·._.,,~~;···~.··.''~ .. ;: .. '-':····-!·;t_ .,,·;,~'~ ~ .. : >~:,. ::_;~:U~~·J;.:-. '·'<>·.{·:>G~;;~~" · 

extena~ ~- or;._.._)..,•*"'•• ,.,_,...,,,,_. ...... •trlltG from 
' .. /t:·.,;~:$(;·- ~;§\~';f~~· ... ~ .· -.~'.t-.l ': ,~ : ... -~~,y;'.;··< \-.h~ :·· :_·.! 

artltlolal tntelllgence r••soh on prugra ....... (BaNtow]. forbmately wt of 
• ', ~ .. ·,~ ·/ ~ ~::.::.~!·,:.~: .. 

the aMlytlcal _.... ~ le 'In ........ to ttMt tacllt:lea proykled by the 
..... ·~·- . ., ·'",ii -;~:~. :-" .:-~.;:,::;;;. -.; -~~". '~: CT.>~'"; ~ :: '. ''! :r:!i ~; 

IHtalntarpfetw Mel lirterM-~ ..,.... :.. It le ,........ to expect that future 

0 >c'.• .:. . . " •• ·,;·~ • ' ',;,. !,··: .. ·. '.· ~-. . ·J.;( ~ +. ~;~ ,__. ' > ~ 
lnterpretlvaty (u ~ by the _..... ue)s ••••nted In a atnlghtfolward 

'7 ~, ! . ·'· - ·- ·"~" ' ~ ··, ..i.,. ~. 

fuhlon, the metMtterpreter o.n ;9rfainit thl tr-l•U. by att.,...tety, applying 

thla approach la admittedly .... _..... U.. current code .,....,.atora, It 
'; ~.~,,.: ;;4~i·,' !~\~. y .:: :'::"".;_·":' ~-,!"' 

r.P,_.nta a ~t atep tow8rda .....,..,... ......,.. and ....,. .. 

•f'''.'~ ~ :.' ~-.•-' ~ -·- ~~· ;"-{;,<«:c',f ";,o,.'·i!~:..> r.,j ·,•'. -

kftOWledoe a-rt'"cad.•l•rat1an <-..,died 1n ..... .....,....,>. 
' . · .. _,~·.~· -.:i':· ';. .. ·.• ~-~.- ; :7~fJ~~ .. ·,.:_.;;::~-1~-;~~~;-:\: ·, ~-- ·.:) ·,~,~>· ·. . '.., 

The foflDwlno' aeOtlon provtdea • brfat wAlw ., the talc.• oonflontlng • 
. )- , ;'f'-· ~ ·~ (.t' I 

...... ry IL, the 
. • _. ;1:-"" ~- ~ ·; 1G- 1. •• .. • 

tr ... tonUtlan . •taaoeu•. and the .............. 
;ii?'.·.,.. .. 

"' 11.c. ,...tecl work .. 
•• .,_, > 

,. ~~ ' ,:f'J- : '\ ~ .. ~· I{\~~ ~ ~lt<'".i :' 

here. Fh'tally,11.8 ciUtllnel the ~tlen qt tM NMlndtlr of the th ... 
. · it: .:.,.,. ~::~ .. _!¥;'.,..::~ _,= ~¥'J ,,,,,· ~-~;>t:·r~ [..·:,,~-,,.: : -~ ~--~ 

Chapter One - Introduction 3. 



,.1 ~·· 1;' -., • 

i,1.2 ............. 0 ... 

1111- ... ....., ·• a •uunlDR « ,.,. --•••Ii .......... tat ua first 

cMrmmmrille the-..,,, 11119 .... wa _....,. •••.._: 

oadlt. •••lllllh .. '1:t'9 tum II flllllHGf· a 'l1$U1i11•tl0l1 (m SOMe lntem••• tan•2•1•> Of ._ 011111utd• ~111ty3Jn tlte ori,gtnel 
mu2Da.: I •n•1n •11 .. ->._ 4l •••PflPflr; . "" .. meona ·t'O be 
~ r1n11a11141W·.,.,..,. •1111111. 

The 1c1M1 of .._, ta ... a. .....,.... thl. rHdtl119_ ....,.nee of machine 

lnatructlona tlte ~ _..._ • ~ mt ._ '' u•:&t COMputatk-. The 

remainder of t'tllll aeotlltti ..,..,._ tile ..... ....,_., • .code ~; our 
'~ ~ , ·~ ' ,'• . . "" ' .: 

objectlve le to tlllmtab tlMI ·.n.tr el*•••• ••-•d fer: •lllllnl. ~ during 
• C' '., .• 

code generation wt how current ........ ~ ···~ "'II!' UDwledOtt· • • - O' .' •,,.;: • • 

An~ oodlt . ....,..,,.or...-.. ...-._. .. In Wka: 
:c,· _, -.c '].-

-1111M• 1rt•1rmn,.nt ""*' then ... . 

transadDn '° ..... _ ..... -----" .. , 
..ataa d• and1nt aptlr?ar ... 

,,,- .. ··!,., • 

theae ~ ................. , ......... .., tree Whlctl •• 
:.,.:,.,, . . ,. >· -·~·. ..:. . ~·' ::- -

atrlctly aqulvalant (Le., ...... nt ,..... ..... of ....... of tat:lllt MehlM). 
' '~ . ..,.~, 

afnclent to ·aoow a OOlle'tant t1tat1 a VflMble. TM - eopNs"°ated ~-
. -~--· . - . 

generator• [WUif] clo not ..... .adlfy the ••MVUe tree - 1:ttey ~ a ltat of 
~ · .. 

altemattves for aacm node tn thll -.t. peatpon"" ._ 1111111• of tratwfanaatlon 

t They do not, ttawever, ltat al ,....,,. ettamattve. u this wtuld result In the 
OOl8blnatorlal ..,wth of the .... nttc tree. 8MrClllna ttNt ful .tfW for tt.e opthnal 
prooram Moourata far ttMt • 1i1111let••H of the oiidll 1••• • A ..-1e111 [Aho77]. 

4. 



' -~--~--~------~~ 

until the tramlatlon phue. 

!'-~ tp t#Qet ...... • ............. ::plao91n·••V«••tages: 
--\·, .·'·f" ,-.- .:.-(~- ,:- - . .<~ /:i~/ .f~": ;·.:;" .,· ~""-,;,,. __ '. ~;: " v ;:"'f;{·~ -;. :.{\:) 

c1>"'°1t!\:4ff~,;-~•-•••tn e ._..! ... '...._. 
........ ... ....... of,· ........ ~.tJia)alll'** .......... . 
tloaatlan ....... ( .... , .tacka). ' ' 

- '·"-:•·~--~- ~ ......... ~;\'.:.~--~-~··t\~f~t'!_ .. ;.·:' ;·:::"· -~:_.· •,ij<j \.'+7.i -~:;,~ ;)/ ":;,._··~:. ,,.,--.; ,~ . .~:. m AllOflf i'i ....... Implement the .......... QGlllPUtatlona {FOIHoope, ,} ... ,.,.~1•fll•9~Jdl'Jll~·· > •'1\< ' ' < ' 

(ltl~-.,~.-~--•Uta' ... iP •1• .. ••·• &tt-inect. 
· 11lroUlh iii . of redundMt ac•r.,......_ tt la often poulble 

fp .... JIJll ' ' ·. ' ' ' ,', .·, '.· ' ' . '' ... tlllll*.ad 
, · IPacii' lh' .. reltulttnl COcte w..a.· _.ada4 • ~ ... of the 

·~c~•t~"~-*"*lrr;- __ ~:. _-.,,~:~ ;. -----J" .. ~.~. , _·. ?:----:_'-/:]·;.;;r·1 .. '---et~:--_,_-.,,.-f.,'>rjJ;, ~~,> _::.::.,·· 
,; .. 

(IY.)~I ~tMRt·•l .... ::,~atil111•m;~~, ........... ;, MIOhlM- . ·? 

dependent -·-·- (euoh .. .. ..... ' ot ...... ' for 
·,· ~~-tlo•H··~'--~l:R'1111"f• JFl.111! .. ) .... 

''. , '·, .:;,t- ,., ,. ~ • :;1'< :I~ • ";. •'; ., ' . .' [>~.. :-w-_, ~~·~ .' ~ :/-- .·;·> j " ;'.. ·-''. ·,. 

fimt · tlie llluy POl•lbltl trwfonuttona applo..._ to a partloular aource. PfOOl•m, 

an QPtlltlztne ··~ gewatar '-~ ~ 'p-~ 
1

~ produce'~~ ~~~:~ .. ~~ 
_ .. ·, 

a priori 
. L L~~~. . . ~i 4,!tf.:·;:· )~ "· 1 d . _ ,., t: , ~u:_d>9?~ :..:·-~ :.t·i:;--" ¢'~.1, .. 

de....,..tlon of their omlllned dect le dltlloult. 
·. ·, ·/ . . -i.: ··-.. '. .,- "-'1rt~ , ..... ~: ·. ; . . .,'") >· ;:$ '~f ':"• . . . ' ' 

, MaOhlne-~ (,..,,...) oPtimla._,. [llol.1-an, Wulf: Chapter 6) of 
',J ; ~ .. '~.~-. -~~· • :.~ ,. 

-.--~:?:"·F' f;)~:~·(: .,< 

Instruction Mq&lttnctMt '*' be uaed to Improve the .....,..... oode - juat how much 
,. ·~· ~.; .. ·' ··.r· t·! ·" ~-- ., v ... ,, : -·'.(i .::..·- l~;~:bf'k;:_ ~~ ''-.~·-->:~ f~~·· _ _.,,: -'~ ·~- ·:~;· 

~t can be ,... depend& on the llQPlllatlcat,I of the trarwlatlon phase. 
"""'· . ( . ~r:, -... ~~-.. -;1.f~2.un +, . ~~- rr·c;¥'.t.;,.'·'. ~·~-· 

TIH.. ac-i · 18' tO ~- ,..,,_ 'eftictent ....tn.ou. ...-.cu for emall portions of 
~!J\<',l 

the code. Examplaes ...._tlon of JU111P8 to -- Jumpa and code foUOwfng 

u~ junlptl, UH of ahon-acldr ... jumpa (lllllted a-.. • ,.,., .. _,,.JWnP)l; 

"trivial,• ~ ,.,...,.,..19, Wt··oo.nawt.frall ~ .. '.'fa4•/ ;): · 
~ . '. '"~.:·~·~:.<::: ''.·4-.; ~/.!ii ' ¥'. :·\l1:'~. '·t ~'.\,~_-*'.~tt:~'f{'t ~~t"l ~.;;.)~ (~~\ ',5 . 

... ... ]Ulet:1 .. ••••ll-.:a llJ'·- ....... ., •• ll'tMt.~·
c~~ ~·-•lillMillft"'tlllfO .. tlllif ...,.&' •••••.w:i)·:w·W·" 
dlfllCutt to . to what extent [wa tnaa . .,.._..) •••v-. 
needed tf more OQMPlete 41QortU11U, rather tMn ~. exllted In 

' \';i.\:,) .• ' 

Chaptw one..;. sittfriQ·h. stage 5. 



........ , .......... ,........... .....,....,. ; .......... of .. . 

operetlclM all [thle ..., .,.._.] e>dst ~ •••••• :tile ~· ....,...., •. ·*• ~•·u11••~••111r •ts 1

••«'1liilfi~.• . ..,_ .... _.. ,_,•l•t 11t·1a•••t•"' ; } -.~ · · \fh :w ~ .. 

above are unlfar-'Y .,,.. .. ,.. Unfortuna_,, -~.., ........ ;oattbot *8cturaa 

upon whlctl ........................... ,,. ..... ·i~···proach 
• : ·:,,. ~\:.:. ,:<::,.,.·.:_ ·,. .· ' -"~-- ' '",-ti~:. ~":;.,:~.i< ~·,'-)•:.; :. 'f&i"~; ·-

to optlllla.... 'Fiie •llnlfW•• 'lllllnt Na kfloMi••t 'et the ~ IWachlne 
•• ,· ' ' ·, ; .;,~ T ' .-· ,-·~ L .1 t_ ~"': . 

archft9CtUre, --. out of neo•1-.1ty, lnoorporate lft tfW ..._ ..,..._ llfttler aome 

aubaet of the afl1ll11•11 ;1nnrl,.•d•• flt'"-"'"'°* to''lilttlct ~ •beet• 
'•,, -

tranafarMtlmt,at ., .... ,.... M _ _... ,......,_.1e1;· '"*8e lfllUrl8tlca 

bue their dectelone an a local exalllnation of tlle -..; ...,,. far-reaching 
'\ . ~ . . ~:;; : . ' 

conaequencee are 48llcult t'O •••• - tMla, wt ~ •wort• for only a . . . 

eubaet (albett ...... ) of tlMI P••...,. "°"w. .......,. tlle ~- Inherent 
, ""~t~· -, ·•.- Y'.: 'i ~" " 

code. 8olDlt of then tranetonaatlona are of ....., UH In th•t .. they are 
. . . 

Independent of both the ~ repreeentatlon and tlMI tar19t uchlne; the8e 
' ·, • ; ?'; : : ~ ~ . . . 

ayatem. 

s 1.a · lntralluotl9n to au& 

e. 

•an lntM..OI• -..-.• (JU ...._ .. _.. • '*Illa ·lnterftal 
repruentatlon for d .._ of tM tratelatlon. At eny ehMn. ~ 
u... L ---· -•111•11• al;'*-' ~~ .,. •• ~-' ~'iftata 
kdor'atlan. , ......... tldt- - ......................... I«'* 
tr ......... i· ' . : : ,, ·'"f:, . 0 

,. 
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u pattem/r.ptac....,t pan. The pattern apecltlM the context of 
th• tranator-.tlon aa an IL Pf'OCll'• fr ... •nt; ttae replaoement la 

~ """~ 19.81 ....... ~- ----·······; ',, 
• 4 ............. ·~-~y:,,... nH .. ,<~ :·of 

Mct*le- and . . ....... don ••tttwe for IL 

~~~-"-""' .• ?~~-...-••.t·tl!ti•••Mlao-"tlftd ~ ~.n. the tr........_ catalogl ... 

Within tttij' h..tw'&~· ~ .... ~.tion \.~;,:·-.· ~~\:'·! .. ·followet= ·th• 
. . !<" ¥. ,,:. ', • _:,:_,/' •• '~.- "{~4.j;~ i",-,._, ',•-. _f€ ... ; :' ~.~.l·.· ;'~:L . :,.',;i.1 ~1,! SV'_ ~: ,•_ ' - :' .. : ~-111-

tranatcnlatlon oatafaaue 111 wrohad by the ....,,..,,.... untll a pattern la found 
/·-·-··.. t~;~~-~~-}u<t :·.···· , ., ~--.:'~:'1<·L ·, . ; .. -rn:j~_ :··· ,.-.. ·~ __ .,; ~~} '->~; .... ~,"': _; ; ~: 

that . MtcW · ._. fi'ajMnt of the 'OlllT9nt IL ,,.,.,..., then the correepondlng 
. . ·";i;il :,·,, '·1!ism~< ,~1:M t"'.1 '":;:' \.. •· · ,.,r.,. ;,,·, \' 

replaownt le eubatltuted far the Mtchect ••nt ... ting an Updated vereion 
. . ; •• . ·• • - ,,.. "'~--~· <Ii.~ ,;"<.'. -r~. \,,;._~.:~ . . - .·• ·,, ·'' 

of the IL pr0g,• .. ~ ··'NitX(. itt. INftalnt ........ ._lr"tt;: · ~ ~ ·of the 

· ._ . · .. '-·<_·'.'..:~ ..-.·-:·~:."·, ..... ;1;'· ">._ .. ;~~r~t ,-~; .... ~·< ,;s~ ·''.·.:::~~1.:~ .. ··1~ :·.;~: ... ~' < , 
program utlllzlnO ·new lftfolntatlOn and opportunlttee ,,...nted by the tranefonMltlon. 

• • . .'>· .... ;·;~ t ·;:.::·.:{.~ ·';: ¢.' • :-·~ ;: -~ .:,:;.~-\'~~~ .. ~+.-·t....,,t:· :tS"'·~:.-~~itfr!':~.d!:..··." · J.'. :,,:;,,,(·,, .. , , ... , 
Ttii8 cycle la ,.,Mtea wttll no further MtoliM oan be found, at which Point the 

. ..~ _ . > .. ,.,,,&1:;'~.f\~i'i~ri'H·.~>i.:-~:; ", .• ,,?-,~ .-..• ' ~·;' 

of the tran8forltatton data .,.._, Mk• thla tll\ attr...,. ...- for a code generator 

specification~ 

. ::· - .. :. ~~;--1t. ··~' •, ·, ' . : ~. ·-. .,;~. ; .... : .-·· ,> ·,. • '.- J, , ' 

Only concepla ta•Dil, tO wt ...,..._ lllld ecuce language progrw have 

been 1noOrparab.ci· .nt0 ilarid: .. ~~;').::. =• ~ to'.·~·· 
;·1 _ _ :· ".:··~. . ·, '1~,,,.;·:· ... :~::- -~ ·· -:·.;1 ·:.~:, ~-.:-:.)·;> ~-·-~"·'• .4,.., ·1{_11'~. ·~ .·:-~::-.:1~ .• ~:;s c.. " : :tf~" 

or Ian.,.._ are ~ by the ....., thtough. the trwfontatlon catalogue. 
: '., ... :::. ·: . t.·~ ·' ... ;,;"-.;...,: .. .,_., ,- .. f ~, _!~~~-~~~- ~~, -.~-:~7,Jet'-«:·ti:· JM\ji ~~>?'··'~ - ·- : •. ti.-_-q·i .. L'· ~;~ ·-

Many·. of these new ...... need never be related to the prlllttlvee of IL1 they 
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for 

1nt99er and•-..•a•••• ••aa~•••,•·,~~~~• ll nor 

tM _ ....... .-...; •••• ;.,: ..... , -~'•!• l•Q·,,~~' 'lJI! ~to 
, : - <' ' - ·.t: - ·~:. . ··, :~. - ,\ ', .. ·- . ' . .,',,,.: . . ... -.. ' .. 

exprw ....,. tueuna1 ••••1 llt• tn .,..1 ~, ~~ -~:!~,....,,,.. •d. 

ultlllatelyi tit ~ !' ...... •D-11 I ll}ft ! ll.,./11'\" '°' ~~·.· ~,~tft' -4Cf 
... .,.... Ill 21 .,_ to •- ·~· -tr .~-.~'l\ll;ft ... o.•••~ ~. tlMt 

lntermedlllte ••1•• ••nltaf•.......,~ 
. ; .· ',' .. , .. ;·~.~::~· ,,}'~-~.:· 

M IM't·tt· •1111~,~r I'· 1!t ...... ·IJ!~ 'P~..,,,,put .~~· l•f18U48f 

HIRantloa In -- of t1•1• •i ................. •'tll•••t D'•l-'9 ... t.,.11# I'.~ .. ·. <r _, .- i·:·£~.·-· "';:=·· . - ·, {~---"· '1:: ~:-~_::;·-· .. . :r:~-·- ·.,t--i -~.;~.::~·"" ~ .. · ·-".' -- . - -:.« 

ttae objection to oonwe~ ~· .~•:'''· ·~ .• ·~~~·;~~t)• 
neceaNry to r.- tile ... ,...,. wlMNI ~'~ ~~ .... , ,or ,pourc• 

language le ta be•••~•·•~·-~~· .. ~.,~ll ~~~:~d by 

the IL/ML .... - t19ec,•Man•1 ............. ,., ....... t --~.,8™"!~ 

.,. • ............. ~·~·.•,~.: .... ,.~-~;~,.....,.. 
lftctep ... t -~· J!lliJJl~t ......... ~ .... ~t~tr~ -;!ft~~ .. II) 

-- Df QM ........ - ~.,-'! ~ ... ~, :' ~~;·~;~~,.~ .. :~ ,"94 · . 

. the ~ltY ,,,, .... ~ ... ': .. ·-*!!l!lfllJ!.':<•9'ilt:o.:~~J,1,.~·i4~··'01! ~· ··~· 

......... ,Int..., ........ .,~», ...... :; ~'~"~~*"' ~. 
neoeeaary' kna\fll•dll•. Mout ••• ,.. ·--~ .... ~..,..,.. ~. ~«;t e>,f .th~' 

._. ,. . '~ '. '" .":~· ~ ; ~,,. -~~-· ~-!:_~· '.,:· 3 :._-;,,.,_· ... ~.' ', .,., '< 

de•crtptlon 11 w1 ··~ ". ••~ .. ~ ~·-- .11" .l~~rtM'~· : It J~ true 

that • .... ........................... "'1110•1• ......... ~ .. ~ _.. 
; '. -:;'' ._ >f ,._,,.r;.._.- ::;:.-: -~-· ":~t~~- t1t~ ~-.:·•;".'- 7 ·.-"'[''{"-'·'.· ' 

...,.,.. .. tar•··•-;~~,,!rn•:r••.~.'1illlt.~!;fi'•~~·:~:_..!t~. 
·' ; - -' ' ~ ,-, . : .•, ~ . 

...... ... --~ .. ,..,.,-:~~rcafll!. ;- ,.,.,~:~?•:JIJ•(;~· ~~~ o( 

..,... -a••.-. •.t•4 ·~~~ ., .. "'-"'.'"• ~:~;--~~c:~~ .~~ 
generation ._.., ..,.......,.._. . ...,. . .,._ •••••d· 

8. 



,,;,,.;_ .. · ' J.'"' '""''.. :;. _,,,. • ., ... , '""'' <""'~-.·~ -.,, _,., 

§ 1.3.1 A syntactic lllOdel of code generation 

One of the moat uaeful dlecoverlea of artltlclal lnteH~ance res•arc,h la tb~t 
~-·'·, ' . t· .. ~;'.2; - ,' : 4·i1~-~-:-· 7 1~ ~! -.~·~· ~:. ·""'- .-~--~ -.~.' .~. 

complicated semantic ......,..tlona can be aCCOtRpllahed with atep-by-atep 

ayntactlc manipulation of an approptlately OhoMn dtlta buff ·~·~•,. foi ~afMJ&, 
,. , .,,. , :: . .:A~- :~:t: "::J ;~',; ;~:L~·~--~~~~~ ~<·~· ::i: - ·c~' J-5',.;,_i,,.', . , .. 

. [HeWttt]) •. nlh. •...,;tlon ex-~ the appllc~tlon of this ap~ch .~ ·!h~ prpc"•·. 9f 
, . , ·-·~~: - ,·., -~---~ L, .. +-,~t!-: .. ~ ... : . .- t)::.{~ .. ~,-~! fj~~-. _ .. <:,,.t:""~rr., ,1 

cOcte gene;~tlon. The objective of thla exploration la to ~ . • , ct11'f't4;tJ:'t 
_. -=· ''. ', _.~~ -~ t-,_. ·· ~f< .• -~~,_;o311~ F.-:~ .. r~-~<~ · .. t:r,~:j'f,t ~t·· · ,. ~,, " ~ 1 - , ~u-

per8p9ctlva of the IU• ayet .. - hopefuly ttlla Wiii lfad to ... ll .. b,ett•r ct'9 .. IQMd 
'. • . ~·-·'1 'l"~:-.~~_.- ,_ · .. ;. -:~, ,_ ·::.h~l",;r r"! ~- . ·7 -- , 

tranatOnnatlon catalogue.· . . . . . . . .. 

--~:: 

One can characterize oocte .•. ~•tlon :~·'.•~:>-~utlve. ~~~~· .. of 

tranefonnatlona choean front· the tr~~ ,~·~··· ~~. ~~··-~;. to .. ~p 
1". ~ ~ ( ,_ : ' 

Intermediate language Input •trlng: 
.• ~ ; " '.'ii' 

8 intermedlate .. 8 1 .. 8 2 .. ••· .. •n .. 8~ ~· 
,, - . . " 

•tar~et ~chine la not nec ... artly 14"lque; ~~r,~ ~~·rr-~atlQnr~hm may 
~ r ~. ,,, "' " . 

have to chooae uong Mny tranelatlona. If the traMlatlon ~ -.n, }~tr._ct 
:, ; :c·~ ' , • '' ;: ;;;:,1,o; ':' .., ~-;- •. • ; -:- - •• 

.-· ~ ' 

machine then we wll have 

81ntennedlate ... •1 ....... 8 k·1 ... 8 AM ~ •k+1 .. ·•· -~.:~~: ·~.---~ 

The :tr~matlone·~~ to·~-.~ ... ~, ~'~~)~~.rltfeh~•; u,._. 
tranaf~tiOna followtng •AM are machine ~· . •1 .. ,,~1~ ~~_,ttQna ' • ' ' • • .~· :P •• 1 '. ' .• - ', ... 

pa~ular abatract machine Into programa fQI anotfM!r. BY. dt!t~lrlP ! hl,rarchy of 
! . .. -: ;; , '(. , ,~ ;,;:i}·flit.,J · • :. · \o,. • J ~ --:L • • 

abatr~~t machlnea, ~~. deetgner ~an ltm~ ·~··~ct. of a, f!~~~ l·~.~~··· of. th'•. 

target macht~e· to ~ " few tranaformatlons. Thia typ41,, ot ~~~ of J.'1• 
' ·'. • ,;~ ,.. ' :1 . ;'· ' . : : ~i(~ ·' . . l .. ' 

transformation catalogue leads to .~.!'lghly ~a~ •. ·~·~:7 ; 
' . - . ' ·~ .. ,,: ' . - ,\ 

Aa waa mentioned above, the reaultlfte ~ .. ~·a~ .. Pr:!>Gram la. not 
. • . ~ .~ ~ ~·w.::·!.- ,- .· ~,- -.:~~~'..,,. .-.. ~· , . ., . .,.. .,: . 

alw.-ys unlqUe - In order to be able to decide ~' C~~ tr~tlQnS, )t 18 
,. .,. - , \' '. 
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M: a .. Ru•. 

Thia totdy ordentd -•eure la to reftact the aptiMatlty of the translation;. the 
···.~·· 

amaa.t the m.a.ure, the lllOl'e opttlial ttHt truetatton. Note that the meaaure Is not 

d•flnH (nl(a') 11 •) far ..,.. .............. atrfnta (a') that do not t'ef>reaent a 

attrlbut• Of the atat•1Hnta In the flftat pragraM: It 18 up to the designer to ensure 
. . 

that each atat-.nt la •aa&orted thMe attrtbut• - If .,.. statement does not 

have ·the appropriate attitbutee deftnecl, the Muure for that Jl program wHI be 

undeftned. Th• ftnal chok:e for a aw-n Input •trlno a and Muure m Is the set of 

"optlmat• tranalattofts GIVftby 

• ~ • r 
om<•>: { a• I • ... a• and for an ti"[• ... •"' lllPffea rn(a•) s m(a")] }. 

Note t9'a:t we reatrtct our notion of aptltnallty to thoee abhtgS which can be actually 

dertved from the lnttt.I Proer- (•) by repeated .,...._ of tranafonnatlon•. from 
. * . . . . . 

the trWtoreattoft catalDgue (I.e., • .. a• ,ti"). tt la po9d>I• that aemantlcally 

equfvalent atrtnQ&t exlat which are _,. optJMaf. f>ut wNch uy not be dlacovered 
: .· ~~_< ' 

bftcauaa ~ .,... tn~cy In the ~tlon ca~. In aome aena.e. this 

Inadequacy ta lntrln8fc •Inc• the .... nttc equtvalence problem Is In general 
'• 

unaolvable [Ah070]. 

In our ayntactlc view Of code. generation. we have aet fOrth two tuka for 

the code generator. Flrat. It lllU8t produce a Ht of tr_,.ttone for the given Input 
. . . 

. '·.;,. \_ 

string that meat certain baalc criteria: e.g., they . lftU8t be well-fomted machine

language programe (only theH ehauld have th6 correct attrlbutae needed to 

compute the ••uure). 8eoond, It llU8t select one of theH tranelatloml as the 

translation. Tilla aefectlon Is baaed on the aptflaaltty of the translation as well as 

other constraints the uaer may aupply at COIRple Unte (e.g., "'PP4"' bounde on apace 
' ·, ' "; . ~ ' ' ,, ' 
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.I~ -

and/or execution .P..>. Tiie fltertng proo1• la an expenelve one as It 111Hn• 

·~,.· ~J1Mt .Jr~~ - •-~ ..... ,~----~ttu, ... ~. 

oonetra1nta· 'the ~!~)~ ..... ,~, ~1~'1~:. bffpt'~:·~---~ 

trwl•~}·.(~· -~ ~~·-··~ .,~;)""9,,·-·:· . ' 

part of tr~~ .. " .. ~".,....,._.-., .. ~_.to ;••.atY· 
' " ~ -.. - ' ·. .. . 

aborted be~ the~ .,,_.~~·.to·:·'!lf!llW-·~::l'llf,_....,,.,., ~ 
~ ~.·~"!~.,.,~~~~ .~J .•. ,,..~ ~,gt 

us to change our llllnda ..... ,, t;- :.:·c.. ' '•'- .,:<b',······ · 

Let ua Ulke··a ila•irt'tO ~~~;,.~-- ri lltadv ....... of thla 

apprOaOh tO tJod.·~ ayu~d•Dn1to,'11t;~!'<~· ......... of"-.~' 
.ut.tactfc lrati~l-w:,,i.:..W' .. •I'~ •.. ;..,.,,.if~i.~,;..·'the'.,,~,·;::·· 
-~·· 11!111R".1 . .. .t: .. 

whlCh tt*:vil1itai ..... :\re ~·w· Wfti· :_r~?~ ;;:~J~· ~~iei.~ ~~~~ 
-.. : :.'·+r::. <~ .. t···':. ~;) 

of the code generetor. In lta place ~ ,.... a.t tll9 de•"'* epeclfy enOugh 
) . ' ' 

context ·f0,''8acft ~tidr{to' ... .r.rite. ~ Jlv~~,-,·~'·-.; ... te. . ~-:_,,..,._,,,_,.•'~. ~ ,. .. ,_ .. ... 

Aa th• .......,. of tr...,.,.....,.._ 1nore.ail: it' ~ii~~r~_.ltYf'dillbutt to 

account tor tt. t1Gb1 ~-or u '~ ~~. "•~·~ ·~· 
~aon tor t11e ~j--~l-i1.;;;,:1~ii;':..tt..·~·-;ota ....;-·' 
of tr~q(ii111(1f19~1t~~·::0=lf·=-~~-~;~hi. .. 1t -~t~xt' 

-<, .. - ,-~- '. . ·"' _ ·. ·.\_.i· ··~'"-~ .'>-h·.(f_ .. ~---~\._;',t; '~.ftr<]J,r""'.Sj'itt; ~:-}· /.?:-. .:"~1 t:-.: ~ ~:.,/:.~'. 
for the traflilfriatlOM 'Oft··a·IMlft level ,.....,.. ...,. ..... ..,......._ .•• -.._,..tor 

enforcing tt:U. ~J ~~al ar4t. pr~· .... M•'IJPI-.··. -, • ..int . . ~ ,· . . . -· . 
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.. 

.. 

........... of • .., ....... of ............ It •'-'' ... di ..... la not 

.ncu•lfllcf wttft 'tM .._ ., ... Iii 11'- .t'·ta '41i119 ... ,,... at a ....,_,, 1110ra 

....,.. 1evtit .,.. ••••• ..,. llMl..a.IL .,,. tit•u•1t· ............ the 
current t.ck ot • .. .., ... ·. tadd4J&V-..' taiDt• a - .....,._ ~ th• 
tr~. To _ .. ., ... h..,.,..•Ht' a OClrlt . ....,.., w4l lf*a have to make 

dpllclt 't'he lltplelt OCilftJd ~ ......... .,., .. mmext of . each 

tr~ t.fnt9· ................... .'" ...... .a·!· ...... Hrrler to 

ac~ the aYfttacltC .,,... of._. .......... . 

11.s.2 n.. .... ..._ .... , .r .. ••1•• _... ..... ....,... .... 

Since the ~ In ~ ~·,. .•.• p ....... the code 

generator Ill to do,...... than,,_, It ... _,"·--· tJ'l..~.Ma lee•• to . . : -. . ~,- ,. '"". ' .. ) -'. ' -. -. - -".·"· ' 

dlatlfttuleh .,..,,, 1'olll •• ,..,... ~. 9'rtl,,,..,:S. -.~ ..... t.... by • ~ 

........... .,. ................... ~ ... , ................ ~.JntD*-
' ~ . . .. , ' '' . -. .. : . .,, . . . '' - .- . - . - . 

CHrtegarlH: 

(1) .,._..., of a hlflh IWlil IL 8ta-...rt Into • ,.._.. ot ..,,. 
........ ,, ............ ' . ' . •' ·.1. ; ; ' 

· (2)·ill••lfllatlon ar 1•11111....,. ot 1t ...., ...... .,... .• ......_ ca be 

l*'fora•d at 00 ..... -· ,, ~ > ' -. < ' • • 

The ~ of• ~~ tD a-~ fl .-.•'1.•nt ....,... on tti. 
- • - . ' ~-1_ .- _.,,.'_ .,;. - ... -.-~,t - ... ~-·- .• ,,- ~ :-·~, ". 

context In wtdoh that atat•••nt .,., • .,.. tn ... ~nllf. 9QCle ....., ... Ul,e 
• -, -';: - . ' .·._ ,.·,: ·: ~~-- "-~···-· ·,;, ~5;,~·.,·,·.~<\<·.·:_-. ~' Y< .i .- . ' '"• , 

context ot ~ ~~,'! ••••~-~-~ ~~~M.•11'9~(~: •:.;=-... ~~ ._labla .,,,.,,~..,,.u•,'19_.,.. 

• oo•pie t1111a ........... tit ...... for •111111111· w· .._.ta 
reeutta. 

In a IL/Ml .,..,aflcatton, ..._ ~ IMlve ..... ln ..... ~u part of,the 

12. CMpw 0..-~to tUML 



context matching perfonted before a tranafoma~ le 'PPlled - the dealgner 

never •>CPll<:~:~'8-, ·~ ~·JltMt .... :·•1t••CI(••· .w;,,,....1.dlrectly 
. :< ,• .• '.iii'. t~.tlttt>ll' .''. : ··~( ·~;; 

With valuee of v.....,.., execution order of IL atat1•1nta, etc. • part of an Ml 
.. 

' pattern. 
• ............ , .. , · . .. • •. · .. ;. ·.,);f~~l ;· •• •.. .• ' .l'.c .. . 

Tiie adequMy of 'IL/ML U ~, ...., :~ • ooM ....... epeot-· .-lfliu.1eatlon 
, , . , ·. . ':· .,- :- , . \ V" - -~·--·- . ~- ": ~ "~-~~-·~ ·~ ~·.,~~-~~f: ~ttn~~~tV:&f ~r~:t~$ ~; f ~ t:' ~l-~ " - ,.,:~ ~ _:- -.. ·. · t. · 

hlnOU on the abMlty of tbilt pattern iltatdtlng •••.anll• to ..,_. the dealred 

context. . .,..,.. ·~· ~ :~ W"it'' ~·-~;:.:;~,~~i.d.'ta .flow 
I 

~ L:. " . . . . ·I . . " • . '· ..... , ., - '" d•••'•,,;!,( ,;,.,,,... "' " ••• ' , ... , •. ·. ·'·!' ·' '•·" 

anifY81t ~-~ OQ] Wid'«kt~._..._.,_.li• t. ..... ._te"ot 
the art. -~.·u;-j~:~ ·~"'=•;,,~, ..... ~~ 
~.,... ....,_ ,~ fl.l ~ .. ~'lll#J--- ~·:~•~)""". etc.) 

the _b~.:I~ f ~ ~· ··:-~;1P.c~~)-l1#1MlllJJl~b~~ 

~': ~· .~··"""'·•: ... •:.tl!ltx-~~-dlf'··~ ft# . . 

tr~-~; ..... i "" .. -.,•Xlli!l:-4'1H- ·~ Mtllltlt .... 

·~ .~ M,,"111•~ ..... ~"'--... ,.... .. .,_.,~t.ft'I• ........ .,,. 
the ~t,.. .. ~.-.!--........ tA-~-;llftt._:_ 

. . 

~·"' ~t .... ............ -...1tll•.,.,.... 
•t Qf tr~~,,f,PA3'~r.,.~~ftt,:4 _... Mr·~•'lt...,._ -

.... ,:~ ~·~- ;;: . ' '. 
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Df'tt•Ml·.,.•ulls)r ..,._.ot'tMtr..,..1111•1•'• •••tlorl no·.ucti 
.......... Ol8'f'eMty ...... 

generation_..,.._ Wlllllah have a.._.. In._ 8111Jt.ta•:• lta ........ 
•' : & - - " ~.- - -

11.4 ........................ . 

of code ~: tflr~•••nt of~ ........ bWttllr actaPt4"1 to the 

wrttMg tA _.. ·~ ..,,,._ 'flltftildilctli:ln .at•,•·•111t'1t*=t·~•·'ti) further 

•pity tM oadlt ........ --···· 1119 ... ~' ........... (YOutto] 

Ptwtde • ,,.....,..._,. ot•· •••ur111ty'11P•••11NC1 lft COCle ....,atloft 
lllilOtf·aa.,... ..,, • ...., ........ Mff·ilili1••W.f11m•••nt*IW·lntt.rft.t data 

..... (a.1.;·-..-11 W.) .. ,,. ..................... ttcwa. ~-

tft • ~ ... : , ...... Wftfl ~:t·-·-·,...,.. ... the actuat 

paramebn; · ·~-.-ot· the oodlt- .......... -~ ....... ~···"...., ~- of the 

machlne-da.-andMt ...._.,. fs fn. daamfptMt .-._.... · Of ..... the pOrtlon8 of the 
. . ' ' - ... : - . - ' ~ . 

,'.,; 

code genardlen llflattl• ·aMt Wt .,....Wn'1_.._ ___ Wllatt depend. on the 
• . ,, '<-": ~: f ~.,, ~j-·:: . . . . . -~ . ' - ·;· 

aemantice of the 80Urce ......,... or target whine wet etll be coded Into 
. - ' ' .! ~ .( ·. ' . !' • ' 

procedural font. Tiie enooclnf fllf W.- lnM...._ (Wfilij ·aa ...,.., ca .. s) 
._, - •. : ,-- ... ~~,-·; "·>•'.t-":W''.: •,",;•.~· 

,..,,. ............ portleft., taMy ~b···~· [etrilfj~ 
·~ ' 
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. --';-~ 

The apparent dlohot:Glly between deacrlptlone of the lntennedlate language 

and the t..-aet .... _. ~ dleRm'•t• . ..,..,_, ... ;_., ......,.__. .. Jh• ua• 
~-. 

of an ab8t:ract .achlne (AM) capltallzea on We cllohotolmy. The operatlon8 of the 
. .. ·:~-'l-~- - ,• ~\<,'_, .~!:,":'.?:·-:"":,/·'. t>:.ii.'-f:;.i_,~.,..i~--.. •,,• i.ci-;f;,;\ ··.·,t1~. _', ' . 

AM are a Ht of low ,_,.. lnatructlone baaed on .-e al11Ple wotdtecture. A code 
,· ' ' - . "•,::·; ,· •• - :<;-" -:-'•·-~Jq(~. ·-:;,,f().;.,;s -~:.I .::t'St.;, ~,.,~ :·t:\ ',

0

i:). '. ' 

generator baaed on an IM [Poale] performs • ~ ... ._, tht the parse tree la 
, .. ) .. ,_,, '. . " , '· ~· . ' -~ .... t.'·" 

traulated Into a...,.,.. of.AM apntiona'Ucl·tt.n .acb Alf operation I•, In turn, 
... , . . , '· , . ,'. . .;., tl,t'.,.?·: ~·~ ;g:·f :::j: ~- _ .. .__3'fy-~ \ .. ::;;_;:,. -: •·i i . ·'." ·~" , '.[""~ . 

expanded Into ~. -.we of target lnatrvctlonl. TM optl•1Uty of the reaultant 
._..; ·. - .. ,~,, ... -:.:~. '"'J' : .. _:· ·-..._:j,.·'t ~'- ,:::_.~,~ _:. _. ··-. " !:if.'--~'<-;-;: ;'' ~: ' ::t 

code a. lar~ • fwlotlaft of ._. Cla••IY ttte·~Mit iancl the taroet MONne. correepond 
i·. ·, .... ;•,,. , ' ,_ . '." .. '" ' ,·~th ·"··'' ,<; .,·.. '', 

anCI how iilUoft"Work la ~on the •JCPaMlon. 

lM< 1ttWt AM~--- UNCOl-(unlv.n~"~ orteftted i~> [Steel]: 

. -·, J :." ..... ~v· , .~·- .. ~.~- ... :-:-:...,1~·;.:~t\;.<t't:<., .. , .. ~~ . ~~ '°: ..... ~-~- ·~ :,_f'.;~! ~.;- . .:;:-. 
use of a Colnan .._. . ....,.... would redilGe the ...., o.f _..... .,....d to 

'" f.-: : • • -; ,· ~ ···;~; ~:~ , 0;«;~-ij~,.'; '.'}N ... ~J ... ".': ~:-. .;j,, ,,7 , , 

tranelate • ~ to n ~Chlne9 from ID(ri tp M4'ft; they would tran81ate a 
.. - ~ , 5.;, ... ·~- ::·:~. -- ~):orJ;' :·~:~._ ... -- .r i .. ~,;t_.~,af~., ._., ;'.' ~ 

progra1n lrt one of the • ..,.a.gM to UNCOL. end then trwtate the UNCOL prograrn 

to One of th. n ...a..ea. ··n.. •ur In -uticOL~ ;,.. ..... -.. .. It' ~~d 

'I<·~~:. " -: \.'".ff.t:':'. ~ 

truty portab&.it aottw.l. with a .....U.. o1 ..art. c......m 11ap1 .. entat1ona tall 1nto 
·'·,.--,,. 

two cat..,,._: 

(a) ,.... -....-.. 18 · guided by a .--.,riptlon of ttte target ... ohlne 

.,Pller•'"'·lfr~:c;i1'Pa· ....-~'.•w,Btrr~~rAttz1'9llll1tt~ 0,1tca 
aooa•••te a· tlWifent ...,.., ....,_., • to the I09a of 
...... f'Dn. -z-,JM,,1' .. Wf'llt:• M•W11'tfJpQn\,·'l· .. r~··•1 .. 
.... ........ .--.. of - ................ ...._. The 

~.:::.~,~:.~~,!~.:hp,.;._ ,J8Jlltlfc' .. -:·· 

•, -'-.-L•: .•. .-·',__;•,·<;.'~, ,•'> •',,'·~~1(~--;t','~:li\"•:. ,, ;;;,,,. 1-. 

(b) The expanelan • -. by a, '"'°"- . ......, to pioduce blghly 

~-;..-: -~·~-'~ ........... .1 ....... fdN.h'Blla•.nd·"•· 
achieved vie a •11.u1euon• ot the Ml . .....- to oau-r eutlolent 
.,.,_ua. ....... ~,: .... \~~·elDW'· ... •;·u.n.tooe• 

Chapter One ~ AelatlOn to prevtoue work 16. 



.... 1 ........ - ............ , .. ;,.dlt --·~·-l•P••••nt. 
&l•alp• ..... 1D Clb111~ ..... 11111 •-..a•t*.'I"···~ ~!«J ~ 

;-:' . ·:,.. - .· ~ ( •. .' .;-·:· . ".'· J ,. : .! ." ~,'!!_. w·.; .. :.:-- . .. ~ . ,,_. i;: -r-

~ at ~- ~,/~, -~ -~',"!!~i ~~"~ ..... 1 ·~ ~ -9 
lnvuttng a ......... Mllrt t'W ... MW~- lll•1tft1111 • . ' ; <~ ,•" < _:tc?.. ~);·~?· i:;:.'·~ }<,'.,.~, ;f:_l: ::~: ~:·f..9$ ,': "1'(';, ';._ 

lft an~ to 111•nn1lll1M a ........ flf ••aNI• than 4't'ICOllH>~ 
_ ·; . ·~ .... ~-- ·-~· ~~,/l. .':_ ... >~·-:;~; ---- -· .·· .,.::.:r1_,_~-- :-~.-~ ;;;~. lt~ur:·. :- ., · · :· .. -f' -

by .......... - ,. ......... ca. .... ~ ................... . 
• • : 1 ; •• - , ::::>- ~-::.~ >->!!,:t., ~:r::·-,,~ --~ ·.:,::;.:~ .-· :.r.':· .. -,u -,;_, .:·:r,,: . .;.: .~:·_-_. ,. .-"' ~ 

wlilne .. ,...._ '-••tt .- ~~,~-:!,'5" .. ~~,,!f';f''~: ~,~lf~:~tton 
prov1c1ee ...... _. ca.... ,.,. •• ••••>._,... .. ••••rd .............. of ttte 

":.,.,_ , :·.:-';·,_> _;,_~/r~:-·:.-.-\Lt~tr >";.: .-·,-·~:-1:)f ~ . .,..~·,0:;.:.'~~ .::.~;;-+t ?:."'¥_:~ 11 ··"t · 

•valablet. • .,, ..... ~ ~~ ~e. ~~ .. ~ "*'[~;'·~ to 

~plete •. tv·~~ ~ .. ·~: ~ ~':~·~,- - '"'~,,~,,~. 
[~I]. It la not Nlli1 •••11 far •111t••.• .. ID••Pllial of ~. "'9h-~ 

- ··~. l~.~·-"'"~, ,,;. ·- -;·, '~tJ. f~:> .. ~·~- \:: ""·~·~ .... ~'·-. ·"'~,··-- ·,: £~G~~'l'·D:4:'._·.~ ~.:, ·: ·' , - ·- · 

.......... : the~ .. ~ ...... -~"' • ~'~:·:~1"J•:1"f~n;7,~,··~.!0!'. 
wy of the ••-- w ~ ............... , •• ~ _ laJ''"~ ~ the 

, . l' \"_ ·.-. .!+ '·"2;' 1£~c?}Z,·'J·~.;: .. ·_;_·~ ·.::::~.)~~;:::~• .} :·.;-• ·,3!'• 'l'.'p~'~i('.'.'~ -~-t,, ' ~- ' ~ 

_.....of!-~- •••,'!".~.·-·~-~:-'.$~,,'t*m~t.~.i'~'~ cw,aan 
cs.nnnatar ~ "'·the.~ C- .•~···~~t~,,~~~~,<~4'-:'V -..Y . .................... 
~ ~ ~ ~~ ~ (~~';:~'"3 ~,~:recent 

reeearaW ~ ~-• r•'..,_ i~'~J'l~;~"M!-,te!~~~1"]'(!~~~atlon. 
In an •.....-··~,~~· .. :~~~JCJ~~~~·'.!!t!!,~~~~·~::~ of 

attrlbut• JUdltdld· ............. att•:•p~i-.,.,.. tflktat;~ 
'• I -~.> .··~-1-~:·"·~T: r '-" ~ ~ ~ _,; (~ 'th:;t,.li: $ ''.':·,::-: '~\'!'<'~' .'." ~' ~··, • • -~~>::, -Jn::-;·,:';':.\. 

correepciftd to ttMt ••••dlllt" d _.. 111 a1111w •••It .._ --• ._. lQ two 
<,.·:,:·; ' ,· ·, ·";~·;;.;, _; ~-~·--¢;·:. ::·;,· -~'(:~':;· ,;..,:.-~~!';" - ·.i .~-;,?·!::r~" :.' ; ; ... 

~ ......... ,...,, .... ••·•·•••f ,::.w••••·t111•ialtllit'~'ldtCJt,a ttte 
· · } · :; ~ ;~:~-<;~}~-~~~-·:~;;.~-<->>. -\t~-A ~·~·:·.: ~;-~j -,.~-f~{~f·~-~h"Rcir'.2.¥~~ ·!t {; }::> _r,::.: -~· 

context• ..... -.-..i .... ., •• ,..,,,~,_,.., r.a.r;.-ta~1*crlbe 
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..... -. ., '~ '_: ""::-1 , '· - 1'. .,. .,_ 

The relatloMhlp IMtMI• the attrtbutea ot OM aytlbaf Md another 18 apeclted by 

... ....,,tic rul .. ~t~,,-...._. .4 l!fdhr ...... 1111 I ~•Mnlt:J,,tta. qatf:-1nd 

the ~ -~for .............. ;, ...... ! .................. .,: .. 

production. c ... ~,,...·~·""' ~ ........... ~•n••• ., ....... Wlttf•ttrllaut.t. 

that d••mtN ~J~.- ·······:----··:- ~(block 
"""'2bera. .... .,_. .~ ·••••nt . ..,. .,.,,.,...1f.a*1a.1!'_,.-.. 111a,r:no•)i:>·f~ 

I 

Prlnclp-' • ., ..... ~ --~·-BISltt.-.at ___ _. ,.__. ... f 

In ttte. fal1Mllal.l):~n •. "....,,~.,..,_ • i•••• ••••• ••\1""':,::••-*,....,..,.. 
. . . 

pr,~·...., .. ~, •• , ............... 11:tu1lAii1& ..... ; ..... , .. ~.,..· 

phue at ~- ,,...,,,....,_4t1••-- _. ~,._. a!:1ocMt' 

ex...,_tPI of·~, ••. ...,.,: •·.W•RI• •• ....... ,.;u.1....,..., 
a~ }Man,,i,. ~ ~ • ...,.i9'1••·1•-- ,tft,[«ndl]).5 .. ,._.,;'. 

9.XQ..,, .. In. trl~ ....... •••fl•P Jft'91iiaq,.... ••lllHY'liH'tl •• Jl.H (wMt' th9 

~ -~)-~· ..... , ........ ,..~ ....... , .• .......,. llNIOtdne· 

.;_, ' 

A~~'·~~ b~::l1rr11•w·••,..._.,.., ........... tlMt 

oP-.u.ft •tr•tW~~·", IQIPkl)ted ',;i»y,, .!-u·.._,1,fn; I a •J ler·,:"[NtWCGl!er~ .tft 

perfonRlae, .. ¥fN'R .. !ltl - P8P-'b1''0IH .. ;, ... HlnJll ..... ,, .. Jllpar -9• 

Whloh ~,·•••••1d.•J•.tM•"-'•·..._. 111ns•1• ••v...,.aon. 
. ~ · ·-, ;;~~. W·ft., ,.,~.r ~,: r' -''. ·)~ 

NewOo••r att1.,. to.,.... the pradua._ ol .._ talllu by ex&lllnlnQ a 

• dlhr~~ -.:w111.,_, ·-~•••ta ·••£1 •csllln ........... - irom 
~/~~ ... :,~: ,.' ,""'_r~.'-•,,1 ~'>."F·:·>( .· :'.,'.:_~:~f~: .<·,- _ .. '·,£'.·~~-~',:'~~~1 :'·-r< 1.·.,.·~);'.~i~~,·$.;,'..f.~ ·{ii{ iJ~:l! :"· .. ~'- ·-~:-.'>,·· 

thte -.alt,~ ~.,.~·:---•.~•d1•11t11z:llel .. d! .. t .. ,-.ch1ne 
' . ,· , . . ' ~· . ·' ; · .;t;L~H.i };';.tffi'a.,Jit.1~~y"l'·,h.f.V ., 

deacrtptkMif tMt coiaaot8 the lntOnatatlOft ne1d• d . t1D OOftll_.( - "tllblli9•' The 

machine ~· ··' •·: .. (11 ORI ...... JU • i ......... tfitlj·, where the 

17. 



... , ..... ,,. ~ ........... tt• ..................... '.'. ...................... the 

...... _,,., ... ..-..• ,.1':Mt If _,, .. •·mllltst->lliilllfll:•o•·~ a 

.. , .. ,.,,..-1••••1 ... ••11'•.,.....·IJut••• .,...,.,. . ......_.._a ttte Mela 

., ..................... ••J•••'••••······,,.. .... ~ . 
......... - -- ............. .,.., ..... } .......... ........,. OOde 

....., •• ectrr• ••• .. '*4"'~ Wy ea11ttclll ti'il ...... '~• la ·the 

.................... ,,.,,,...) ... , ............... : .. ~ {Hlit11••1~ The 

-.....of;U. 8'0 a••••• .. •• tD ""*••••••··~:-••••i.there 18 an 
---•• IM•u•1• ••••·- ••......., ,.,·.iirt11ftia• a Mt Of ddnlna 

~- 'that .,., - ........................ ......, ......... Into 

,...,.....,.... , ..... , ... ..a •·•••·-- ._.,, 1tMI .,....., ,.,.....ntatlon 

........... and ................................... 0ptftilttatkn .,. 

Iterated untl • tr111l1l:l11 la o•••••• a.,...,.._ Wllll1u• the reeultant 

,,.... ... 1nto ................... .., ,.,,. ...... ,. ..... ..,•••••ta• etc. The &PO 

The a.n of;. d1A'llN .-aedene alllllw tllll0f•"1CJ"°' . .,. dlt llftd&•lt on attitbUte9 of 

u.. _........, ·TM ............. ...,.._-. tfO a1r,w•1ua .... 
•. • ... i ... f/I .................................... .....,..,,......,.., 
. on the part.of th4I 90 a•••IW· · · 

• there. Ja • ...... "'_, liRllllHIRU ...... ttidlillMa Intl>· a RIQle 
oPer•tlan <• In .... 11.11 ......... ). ' - ur ......... of 
.,.,..11n9,,..;~••1..,.1'••••1tiap•11Ullii'l'itW ~·on a 
atete ...... -,.atatll Int ...... fLe., ... la • ....... ,.,teem 
....... ........ ' ' .. ·· _Jct' • . ·•. . , 

• In the .. ·-··· attalh•• .......... ...,. ..... 'vaflabte -
optllnlz ................... prop ........ ,..... ..... to .... 
tM attflluta l11ferMtlan .,....... ........... .. ......... IL/ML 
pnMdea • ........ ......... for 11•·~ • ..,,..., ...,,,~ 

:. :;. ~ "''""~ ~ . . .. . . . . "' - - , 
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certain eltuattana ... the ~ woutd not be ... to 
11nvel a ~•ted ...,._,. of *'•••nta. 

,· . · , 3 ,-~_.' :_:,..~;, .. ;: ~~ ~f ·r·,~~\r1n:·_~ ::::·: ;~.~<:. .:~&l·.~u~i~i?01 .,.,,.if:·: -~~:~- .. ~~·u~: .. ..: .'. ·-· . ., 
The 0Q11Plex1ty of the GPO GG19Pler la 8f'8dy re41uoed flaM that ,of awrent PL/I 

: . -?$:" ;· :_. ··~· _.,, '.:,-' ;.:) ;~:\·,;;:'>l .: .,;·';_; ·,f.~, .j~~ . .j~.~,,.~ 5"t''~J .;t~~":;; . .?'l,'l;/ft~~',,)ij- ~"':~--1tJ <:··~:n: '.g , ~~'~ :·,.,· 

op~ comPh,.. [Certer] hu tMand-•19'ula'led tha...,..... - test: cuea 
j {~·;::. >"' i~ -[":,_•'' ~: ,·. 

uelng • eat of ..,. d4!tflnlno pnaoeduree far ttlll ............ aperator of PUI, 

produclllg code which ...... or bettere that of -. • ••ztne 001npler (Which 

lnalude8 .,.. 8000 atat1•1nta to treat _,_... _... of .... t.rtng). Tht lncluelon 

of llOl'e eophletloai.d optlllllzattana In the PftlG••w (of. [SchatzD ahould further 

lllprove U..e etatletlo8.· Enoour~. nteny of ttMtae ,.._ .... .,,UOable to 

the ......... ,,.._ .. in ttU the8la - the tnorwecl ~ of IL/ML should not 

reduce lta performance In thle ar-. 

§1.6 Odlneofr .. •lftlolNIPW. 

CMpter 2 la a detallect deeorlptlon of the lntemedlate ........ IL: the 

ayntax of IL Is defined and the ,..,,...matlon of data • •wed. TM .....mica 

of eaca. IL conetl'uct la deacrlbed and ,...ted to -. needa of Ml ·and the 

_tamt...,..eter. The ohepter conctuctea with a bltaf fntlroduotlon to the COlllPlle

tllne oaloulatlon of valuH. 

Chapter 8 dlacU8eea the conatructlon of a traneftnlatlan fl'Olll Ml templates 

that apeclfy lta context and. e-.ct. The ayntax of a ...,tat• (._,.ttan of an IL 

progr .. fnlgntent) la ~ ........... the ...... of wlld ~ - built-In 

functlonl. Ruin tar ~ ttta trwforMtlan _. ... tint the 1. ...,.,. .. are 

given. The ftnat aecttan -..... a few • ..., .. ......,._.. •• . 
; 

a.apter 4 preaent. a set of ...,, ............. and aillulttea their 

appllcatlon by the metalnterpreter to a ...... ll. ...,,... ... · thla ct.t ... d example la 

aimed at detn0natra~ U.. .... of ~tructlnt .• tra1rrar-t1on catlllogue and 

feulbUfty of perfonnlng oocle. generation ..... tlMI ll./Ml ayatH. 

Chapter One - Outllne of remaining chaptere 1Q. 



The final chapter briefly discusses the metalnterpreter and the f acllitles It 

should provide then summarizes the results of this work and suggests directions for 

further research. 
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'\,_ 

§2.1 The 1Atanleclate ......_., IL. 

n..· ·1n-...ifat• tUeuaae cteaCtn>ett 1n 'thie" cil.8Pte; .en1 .. · .. foundation 
for a -.. ~tfOn ~•cru outdMd 1n ·11·:•~ ''l ~;·~;.;18tal ~ .. ant~ 
COIDmon to ... PrOOt•· fril :...,,q9-:to ...... lllnla'...aii;.\Ne· ~ ~-'b, 
deecrlbe th• tow '7f'Q(,,.01r·anct ·u. -~"or··~'.:.~·~,;~ Jtt.in an IL. 

program. In addition, IL M1uctee a _....._ fer aooumulatlng lnforllatton on 
particular Operations and at.ofaoe cella tor" Jeter UH bY~,,~: 'tr~tlon 

catalogu9 and the .et.Interpreter.' The reMinder of .. ""a~an~ ;:~f., an IL 

program (e.g., th& .....- Of ~atlOnS) r~• in u.~~~ ~~atogu9 a~ 
are_. av.W.'~ tlNt8e ~dGM· ;~,, ..... ~~w..y,.:~;~-Preter~ 

. ,. ~-:. .·,. - .. . - .~;., ,~'I-?.?·--.·-::":...... . . .- ,-?.~n~,;~~·.,,.·J"·~!r~ ::4:.,~·::· ,.;~.'-'.:>'\. 

By relegating the ......... and N.Ohlne d.,•ndence to ··the transfonMtlon 

,. ". .. - ·. ' . . -_ ' . . ~ ,:,,, .. ·: ~.:•)0~~'-; .: - :{.;"~<:~ i'"'; :. ;,. .. ; ; : 
IL ~ .. a aultable lntenneclla;te lanauage for t.tte •ntina traMaatlon proce... In 

order to allow ciom.;., oMle gewatlon ..r.t.Gn. · (tow
1 

~- • Oo.n,ne-t1nte 
' ,~;;,··•1" ,•:. •' .• ;'. ," ;"., ~~;o\'.;..,<. 'IJ. ~ , n.;~t~h,·/f'"',.,,~?- f'; ,'•,• ,~-~."-, f,~·:'.' · 

calculatlon of vafUia) to be ....,.. ·by the ~er, ...,ate tlelde are 

:·,.. ·:{J.:. -'"'·,-- ... ·_.;.;',.-~ ·,-.._, ·- . ·: ·.h:··t\i"-J.<\t~ .H :gt··,,,,·,.,·t.1'!1 t3t:: j ~:, ._ ~ 1'-

conventloria are .. t......_ 6iioW ·for uae In ,..,.,._ ·fn .later MCtlona. .._t of 
. . ' . J:'i_;' ·:., . ";. - ~ .-··. .;J . 1.:\ ~ ·~:-' ~'}Q(l-"~ .-... ·-~:- - ' ' < - . ' 

th... conventtana we;. Inspired by canvent.loinal eequlintlat, allebralc languegn 

such aa ALGOL, Bl.IS$,· or wen CLU th4t are ·~ ~ •id.nt Interpretation by 
; - .~ ... , < ; ••• 
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conventional whine ~ (I.e., tttoee na...il, tlloullrt of aa compffed 

tanguaoea) •. TIMtae ODmilentiaM •be .IMpproprtata In part for CGMPlled laneuegea 

that are not related to M.80L (&lo, t,.,.,;· W ·.-.y Oliaee these can be eaally 

accommodated by ralettvely 1t .. I• --.... No ctlNct ~ tte.• .. .,..n paid to 
'·' ·< . " ,,. ]' ~.. '< 

the ape~ probl1•~ •11allatled ....... ~.of .... ,!!! ......... whoee 

control ~ •hr~ q•lla ..... llty n. tMt. of M,."°'; .. ~!+~ ~ DYNAMO, 

SIMULA, etc.); tllla a•I• 11• ...-. the blaa ftf • . r1•1• towards the 
. . -. - ~- - "'· ' . 

apecHlcetlon of ~ .... ~·-- . -·~· ........ work wlll • this ' ·- .... : -·· 

gap. 

The wt cona•an forll ...,,...... • • to,., graph of . . ~ ' -
,;j ' . 

bulc blocJr.s Where •t:!t Hate blook a. .....,... ~. a ~· acyclc graph or 

dag (aee, tor eX•lllPle, CIMlpter 12 of (Aho77b]). Q. la, a llnearlzatlon of this 
" ·,·-' . ' - ' ... .- , ,., .. - . 

conventional~· lln IL atat1•ent may 9P•°"1.~ of•~: the 
. . ~· . . . 

condltlonat trwfer of oaMRll to......, atat•••• (.._ oorreeponct to the area - . . - -~ ' -· ·- , '.' -" '. ' -

of the flow lfllPlt); • tlte llltPlodon of M a,...- ta lta operands (these . " .. . - . - - . .,, ~ - . - . ' . -

cell. 81..Uarly, an IL etatwnt -y have one of two afrtMJta:. ..,..,., of ~ or .. , .· .,_ __ - ,._ , .:,·.• '.. ~--,~:-·r'. :.-;.~ ~ '" . ~ -> 

the change In the value of one· or MON cela, M we wm. ~ below, It ta euy to 
: ~~:;;... ,_, .. , < , _.. .~ ·:···:·.r· :-r : 

determine the exact d9ct of a ~ fl-. tta ~ form; targeta of 
:;:_i>· ' - ' ' -. - - . ~~ 

As mentioned above, fl pnMclee a aoh•-tlo rapraaant.tpt which la flexible 
• . , \n:- , - .~ ';:1:':. ·' · <>;_'.. ', .:.,: - - '·' . 

enough to be ueed for ,,,.._ var/lftO In level ~ ..,._ to lllaChlne tanguap. 
. .' ~. ' ' ~ ' • \ -:"' .·: •·; ,, .. . - - .. - "''! . < • ; 

To enc011tpaaa euch a v•rlttty of ,,._, fl COUid not (.,.. ctoR . not) .have. nauch In 
' I ' • • ' -• • ~' • • - ,_. • • • 

the way of bultMn •etHlltloa. The folowlng let ..... tzee .. prllntttva concepts 
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------- --- --~ ... ----- ----~-~-- --·-· ' ' ' 

of IL: 

• 09,lld~~lPMI ,,.,, .9'\ .,uo1 to,~: ""' M!l!'l•-.•t. Jn tat. 
~· ,-r~f • '~. -. - <, _pt OOllbq,._ ~ ,' ,,,. .. , .... 4-•••WlaHY 
~~-11.,~ - --- t'. '--:~ '" ~'·; ' • 

~· ' j ~· . .:-+' '·. ; ,' ':~~i~'.. "-· .', ;;: ... '..~ ~,..·: :_, :-.· ,-

• appllC#lllon of, ~ -~-- ~ •:·••""" 'RWft"'-••:'ftl? ~ 
operatlone eupportad by fl - tlNI ...... ,. ..at. wure that each 

~~~:~°"",f~· ::W~:?W·'*'~t.- -~or- fMnih• 
~~~ ¥1i tr~. . •t Wnt:-.-~, ., , - · -., 

• rllllue atol'e(iii ~ by named ~ii.:'' Ttie'- 'of- •• ~~-• 
the e>etent of .. --- oovw the .... ll. ...... -. .Note that 

~~l;l711,.Q1~~~~:rt'-~ 
~~-"-a."ptlli ~~--~;..fft,~ •lllA~~•l!l•ll ... to ~a.: or_· ·taa. ,,.. rw of a a.J'.._,. _.. _. .,...,., applying 
the_._ _ _..._._ ........ 1uaao-r1·- <w111>.J: .... u. .. , 
.,,.;,~f-~,~·;;:~ -::=-.Or ~--y--' 
....... -~,,~-~~~--~;pf,-~:; 

• ;:'r.r~,~~..:t-:-.:.:::"': 
==~~-:.'!"~':'.t~·•)IPM••u·U..,-

• lltfll'al• fll the .,.. role_ of ,...,,,...., WOIW- <.-ator•, attrlb&4t• 
~~~ta.) ~;; ..... _,N .. CNLll .. ..,..,~,.-)l 
The .-nlng_of a..,_. la •a .......... d,•one,... gono ~r 
~-~11-WlftA~ , _ _.._~AJJtlf\r• .....- •e 
that la no ..,. Wiii • • ._.. Nelue, t.e.., • Mllue -whoe• = !" ~ rt"!'!~~i·:-v:" :::=.--..!::": ~ 
~...... - --- --·-

Th .. ~ ~.~- .. Qh of .... ~-·---- detall. dlfcU••lftO-., 
PQPl.llar JIOnURt9,f .... ._ ~ atnao~ ~J--•••'*°• IM'e• ._. ... w-A. 

§2.2 Data In IL 

All data atoraae In IL 18 provided by nuect oella • progr.. vartaa.1 ... 
,· ),"' '. 

lnterlllecllat• r .. uit., etc.· are ,.P, .. ented In .,. IL progr• by -. oen. Each c•ll haa 

three oompon8nts: 
'.·,, 

( 1 ) an tvalue (name) which UMllblguouely ldentHle• Ute cell. The aoope 

of - ...... _ .OPVWS .,, _ ... ,JL ...,. '-!·-~ ...... oan M 
structured for llOdetlng arrays, atructure8, etc. 
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ca>•·-. of • ...._ •t1••tii ..... .,W.,.:~·3c;w.·rv~•· 
AttrlbutM are ..... for -~,~M;·oiM:t. ·e.1~. 
la und'ected by ...... ~ IL 9P•~ - 8"' .... !! f!9 wt ~ a 
......... , ............ '>:. ··· .. J,C ·: • '\• ',\'., ~ ,;',•''. ,< .·,. . 

Note tttat no avtOlllatle ,....ttarr la ~ tiy N -*~•ter far Cellsi the 
:~:"." • ---~·~ ,·.·,; .. ::. ·'°:';·" ~ •. : .• "~~-·.::. -~"". ~ ~- - . 

d•••oner .. r••PDOHa•t• 'fOt , ............. ~-.·~ • ·~· . .'l: ......... (by 
- ,- ·'. ' ' . - ~· - . 

lnoorPC>f'lltlnl .............. --~·-9··•\111>~ .P4~). Thia 
; ;;; . ,,., ~ (" r-.~ ~~-· ·.; '.. : -.. ·. -~ ··.-"iD'l~Jl"' '":~".) .~ "l·_""f- ~ ~ ·,_,: ,_. -~ 

tnay lnotude a1Doat1111.-·••• ffar·..,..1i1 Wfd'ilil)!.,i1~~ ...... \ers (for 

ahorNlved lnt•••• ... a nlldltat' flt ·~1111 .. !hl~""'"'~ (~':rMf.t'IHdlate 
' ~-' ., ' · ... ' .~'iitt·-~----3! .. ~· '·! - ... .. ' , . ''"" . 

results ·~·:tit .... ..._.~.~.~ tlli'.~.!".'~·-··fll.~.~xed 
·- ~~o ~J- :-· •~- ....• · . ·~ '; - -

addrealng). 

Mtttou,A an .,,.._ • .....,..._-.,.,. • ..,...._ .• , -.. ·It la ··not 1Mlcessarily 
·.',I. . -.··.. 11 -;-- -

unique. A ·glWllW·· Ml Myi---·to~tlift ...e~ -;,-·ftlile··~·rwlundant 
• , . .- ';: ,. ",- ' - . -t , .; , ).. :<.,.-;:· €,\-· .".\.', r ,,,,_.,.,}; ~ .'. · .. 

expreuton . ...._ .. • * M.tM .llll .... 'C8serla"'*" '\'ii! --3~3). ~: then on 
•. , • -. ='" ' .• '.~~~):, ":1-t)~~~- ,:.-: .,._~ ,,~::,::-. " "'"' 

either nama My be ..-~ably. T"8 ALIM ,.1udevGpm'atton IMY also be 

&l8ttd to ••••nt th ~''id l\ltif"'4, an .,. • ....,~,tit tiMY"a6urc• 
tangua..-1!11V ..,._.th .,..MMIOle11 of'·-... · u.ae flblf PM(·'....V.r, •ac1r 

affaa muat be tnade explottly - thlll 18 uptcncl ftlrlls In 12.2.a. . Note tttat an .: , . . 

lvalue tnay be u.ed u an operand and tttet. .u an apwand, It wlll require 
~' . ; ·.,.., .~~'~/·''"·. ,.; - '-~~:~;-"'··· ,$/' 

declaration of attrlbutea....., to thole for an Mllue (type. length, value, etc.) -
·.--J·'. -,{:<'..r~· . ~ -.,: - -

care muet be taken so u not to OOlduee tv.._ attrlMltea with ~alue attrtbutea 

and vtce versa. 

Tllere le ,..,._.,.. ~· fer a.·'9alllllng 1'lr MIYD''ftffock' atrUctura). 
~. ~---· "-~?i ,;~ ~\.- - ; ~ . 

Through a declaration of a vartable of the .... .._ In .n Inner block, scoping 

allows shleldlng of a cell from we Inside that block. . ,In practtc--. bawever. 
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procedure calle and point.,.. allow · acoea to ce"9 which ar• not directly 

accualble u operMCla. Thue the orlgtnal ael cannot M •for~". ,~1~ 

while pn>oeMlna the ."'.""-.block: a ~~lll!~L~ t9 ,~ ~J•t.!"enclng 
,.. • !. • .- : , [ ; ''._ +. ?'f~ . , • c -. r • _ .- ··' •. • " ..,. • '; • 

both UNI~, 0~,~1~ ""~~~·~.!~1" ~11'1·~~ 
. .; : l< .'" .. . - ' 

within ttte,,lnner,.block. .The~'~~-"~"·~.~· ~·,"1·~ - - ' -. ;, ;,._ - '· -- >. -· '. ~ -- ~ ,.- • .... .... -

1ntonnat1on ~ ,~ ~:, -=~ty.•~~"Y.~~l~~ ~rt~ -~X 
the~~·.,~.;:~~ .cella ~"'tlr-~bY,,.~~1 .,,,.J;~Ml._.~ . -~ . .. . . . . 

oreatect,,~Y ~II ~.;~ ~ ~ !~ll!' "'"" ... ~-~~-1~lp 
(petflapa by_,auftlxtne,,~,;~:.= ~ ~"' -!'.~,.~)~, ;~~' 

IL;~~·-~,,~-.. '!-i~!~"~$:~1-1~~!)1-~•S., 
lllltply objecte. 

lnoorporated u 

If ~ ~·,,.'~~·1~-l~--.~1';~,,JH~ J;le, 

~~. ~\·· ~--/~\1Utt~.!~~~•it14'~.1 wa. ••-.. ~~ 
lflfonaa~ la 

1~:. ~~;•of~ ~~f-~.T~~b~~J~~' ~
attrl»ut• to tailor Ute ..,_ated ~;~~,~--~ f?l~<i,~ ~~~~,~ 

for ~. ~·:; ~1 r;r~=- ~ .~n~~~'4 '-f~ __ ,.ffJ: ~! ~~ types 

~· ... ~ .. lnf~ .. ~:~i-~,,~1\"''!'#11.f!., ~-.~~~- ...,.~\

~ an 1ntee.,.-~~·~~~~~-~~~(';Tm"~ -~fl .• '1t'"lf&P1~:. 
·, . - • " - ' ·-·~· 'r. " 

In practice, allulng c ... abov•>• lack of,~·-~~;~ '"'~~-~._.._ 
. ·.. ...:..1 . . ,J @ ~-£~ t~1::~I~ ·"'"> ,;."':'- .~,.. ._.--~ ,"\:··hi-~· .. , _:-.. ,..., .• ,.,, o1 .-· ,_.~ ·- • 1 

and,, Cl-'>,,tnoon••·~, '~ ~ .. ,,~;f·'~.~~)',,.,..~--~ 
:; ,/,. :· ... --~ .. -. - . , .,, . ' . . ·, 

conep1re to ,pr~ent"~~!'~~·~ ~- ·i~~ .. ~ ~:W- ~•~1 
lnfannatlon. In_ o~, ~~~'.-}mt ~~p""~~"'"' !!IM:fltqla'" •.i"J~~t,: 
pointer does not guarant .. that~~ to_~ mll8"p\~,~· ... lt i. .. ~·, 

·- " ~ , . .,~ ~~."'·:· ~~.;..,: ~--~f--.,r·.'\r"j· · . -'.":.:~·~t-;I::·?ft,.~i}t-~ .. .1r ~ -~ "-· ~. n - .. " 

noting here that the ~~.,~~i~~~~~-,·~~:~·ta., 
auch as RURlbera, dowlftl trwfonnatlonllt . to ••llp:ulate o9'taln rvaluea at compile 

time. 
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11.2.1 ..., ... 

~ ................. •DMnl•• - .......... lnfol•tton With 

OOllPO..,.,. (oele - atetlll1ne.) ,flf .• IL·,...,.... MtiW.. Mloclated With 

the tvalue fj,·· rwtue of.· a ........... ~ ....... , ... und'ected by IL 

... tlonl ...... lta ~ .,. .... .... •• 111111'' ~ .. lnltldy 
"" . 

Provided by tlMt ht phue Ot '· ttle OCllPhr. « a•ll•d dul'IRg . tr..aatlon by 
. "''"''', 

;i . ,. ·~ 

av.,.llble nm .,. PClfftt In the IL piogram ...: dyn1•la · w.n.tlon that a. context 
;. ' ·~ :. ·. ··1;... ·~~ .: . --L'-

~ ( .... ~ --· .............. a...-t• -- of ttle eel) cannot be 

atared •• an at111wtW'. Mb ........ ta.'···~··~ Ot a ~: they 

. . ' .· '·' F'\.y .. ·' 
Model·~ ............ attrlbuta .... for, ..... contmrtuat lnfonnatlon 

about the OHt•tlclft trH. Md eo an .w ldaltu& ·· ·~ · · i '• .~r.c f;\ .. 

State•ialtt attr..,.. ·· .._ ~ •. r.lin.t to. the reault eel -~ J;i~;~\'.i 
·,.. . . ·jv, .·.. . . •• ,. • .· • ''.•.• 

~. wlt9' ..- • ..-• .nt .,.,. MC1uil•s'111aii•rt.t.• of .t ..,. .. Ce.a., 
. , ' . ' . ..~ . - : . . ,;; -~ ._, , ,: . 

~ . ._Of• -.at Mlllllne . .....,...,,_ ...... • tlle......, state of 

the rft~ (e.g., ........................ ~ ..... ,,fly.·-- -chine 

... tar). ....., ....... "' ..... II! ........ .t ••• .;.;.d•''i ..... for ~ 
-:.- ~ ' ... -· ·., . ;;_·.: :-.~lQ~~1t' 
....................... of 

' ;- ·" "' ' .• . : . . ' . 

conekleratton aacMn .. .- ....... dll(lll•••nt fllatw• ........... buMfRg whine 

t Dynutlc ~ •Y IM .atlind • 1Mrt ot tll& l'Wllua of a eel; In muy c... 
COlllPlle-tlllte ~·of rveiutle ..... Biiie 1llla ..... IF .:IMIR M .a.ctlvely U 
If It were M lttttlMltw. Ml,..,., ..... ol ....... fJI ............... la uaed fOr 

optfmlzatlana wNob ... ·-· lnaarpa1•rl In .. ••tamtn RJ ·--~ 
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,.,,_. 

Attrlbut .. are . referenced In an IL Pf'OI'•• u follows: 

,.,.~~· ····-~: "lwlue:ll/ttrll:Jut._,,.,..• for Iv...,. at'trtbut•; 

•<Jttelw):llMl'/M.e~' ~~· ~'t~· 

E~~ attrlbut• h.., a v..._,~·•--.-Q.1~19•d,..,._~·L~nt by 
I 

~t....,.t. For ex~ .. ., ~ .4'-, ....,.._ ......... ._.._:,tfw 
·~ ~ Jllabt,~~~~-,.-~ --~-·---· lfil.t'.4D 

r~r~: ::1T.1£~1 ·'· \ \ . ' . . . . <I, ... 1t 

The ftrat llne tndlcat• that the actctr ... (tvalue) of Z 18 a two byte ~ 
. . . 

Integer - tide lnfonMUon wit be needed ~~,.-C~v.,..,.tonled by aome 
• . ~·..;.~ i '-!' ~=,·~i;;:~· ·.~·~}~ <.:.; ,' 

tranafonutlon If Z ~ jp$).,,a,~)""1Nlt~~ The~ One glv• the 

lexical level and •• -;~~if·:--;-...~.ttili ..... r ~~>ht phue of the 

OCM1Pu.r or a trwtor.attaft "'led ....,), a .............. 90Uld M. lno~, In 
... • '··· " t,,/ 1,~·\) ·.4-~· .: ~ ... ·,'~ f:.'~ (~f~.;/~!·,~,~w~J~~,~!ft(\_e·~t.>: .. -' 1·'.'~~i~·~.h.,» ... ,: ·,,; · .. ;~~ .... :"" .. ·' 

the tr...,._tlon ~~;~ ~--~~~.-~= .,•~f:~•~, °v'v Z ,.~.J~ 
-,tio",· ··. ~· ... ~ ~'.~~;'~~ ~: ~f~~-.~1-~ .• ~-.~~~. 
and haa,~. rMI. ~ ~ ~.:~~: ~~~~:,~·.~~\~~' 
In IL; any~~~~ ~:~,j(~,,¢"'~~-~.~~1r:,,~1 
lnltlallzatlon of ra rvelue) wll be c..-~ed In .u. .tr'~~. ~- ~ 

~ - ,· .:· -~;·t /. 0 
.... ,. •• - .:;. ··-~;){':::; ~'·~·, .'->t'-·1~.~_.::-~-7~'.; tf!: ~.{~$:;w~"ft:"i."f~~.or:: i~? : . t". ~'-:: 

..... la true for each of the attrtbut• de8orlbed In tllla ~.,e.: In IL, their 
- ~- ; . .:< " ":: ,<t .:·: . .:.,· 1 K>::·~"'*".::t;--if'...'.·;-~':fi ,.:' l\---:,:~~·1.;_.~~,,,;:.~.;$ir} .. J · . .v~rt:1~.":/ ... 'J· -.:-.:t<i 

valuea are allnply 11tar• - the Interpretation . ....._.·~- ........ _In .. ,(IXl>•~J.c?.•t 
. __ ·- .. :·. ·.. :. . .. ·· , ., :..'.·~.>,,. _, ~-· ,;!-"u:·~ ~f"?/~ .;:;:;y,l.t . ..-'•:·~ .. ::: ,~ • ;-~'-" - .. 1-0 •• }··,; i ., - ..:.<1'.J' 

t ·Theee ... ; ........... 'VMlWIM MtdMft961<i ..... ~ of"a:c••· 
=~.:::::::.=::=~,, M\1mr:A}·-~-~ 
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§2.2.2 Stnlcturlttt of ........... value• 

n.. abllty to ...,..,.. . ...,._. (and ·•ttMltf ~ rvalu•) dllplftea 

other attittMttea OM M Jiltln:_... ......... fNilt .... of OfMr c0Mp0rient8. It 

la also paeelble to pWfont ..,..ttaM on the .., .... data u a wt\ole, changing 

au COlftPOMlnta In ..... ...._ A oa•"~ ~ 18 ~:JJ.w,•pendino 
'~,.. . •' - "" ~· ; . . ' 

10 then 

,... 
<A> 
<».t 
(A).(I) 
(A).• 

1 to 

f". ' •""; - ; .· ;: 

convenient Ubrevlattan f9 •aa p111tblii. a11.P1n.frt •••••·· Of oourM. ••• le 
·~ ~- >·.q ' 

never actu.Hy ~ INlt rather -.. • a wM OMI ..... ,... .. attribute 
• ,; '":;" ,.. ·- - ;· •• -~' ¥. ~- ~ ; ' ' - :, ' ' ' 

reference. to 00111Panettts of .,. ...,•••te oell. .,_ •·spl .. <A>.• would be uaed 
s I"~ ":+ - ;. _-. _, 

when ref•nina coll•othfet1 tD ......_ of the array, • wa..t declarlnt the type of 

the elementa (Wtlllllng A la h1•a11,....). ,...,., If a pregram contained the 

definition <A>.•:typellbool•• then the attribute .....,.__ <A.>.3:type oould be 

equivalent to <A>: a~ w .Q ._.9,.;,·:--•d ....,._ '"
those of Its CJOmPQnentl. The followlnG IL atet1Mnt lluatr:atea the attrlbutea which 
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mlQht be anoctated with a declaration of th• above array: 

A deolaratlon 

Note u..t the•~.,...,._ tbat,,th•·....__ A·w~11n ....ay 1e:·.,_.fling and 

thet tfle ... ~ "1 Ad• &>-~ •1lgnlllll:1nle ..... (j19•• ant''othlir _,.*t); 

nw·.thlrd line If~ ..... ,A:lll9t.lncl ... ..., WJ.,.,UHCf,••-u°"*'..W·frr 

eubacrtpt ca1•.-. .- .....,. •••. .., ...... ..,... .. r 11Mflnat·lfte' 

..... - type ......... .._., ttae··1Dlll\F .... .tdc*-~•lOtlf'>dl8fa1M9 ... 

•t.trllMft ... - be ...... In .,.,,.._ ............ ..,, .... ,.. Mltn''••le to 

wure ·Ulat ... •rtl• .................... ._,. ........ ~rtn ........ ftt 
CIP4N'•.,_ hM .,.., ,,. .... ttllMllS. ·"'* JRt ~u•••··._,,,... W .., .• ....,.. 

CUinG - a ...... op1r•til>n 1•tHl,,...ct'*"11'·~--...-t ........ Cff9CelV .. 'the 

e.xp-IQJI. for Wllfla, con.adar: .ttut• 80•1.._r..,_ ~ aftd~'.itte ~
reference <A>.<l>:type (the type of tbe•l"• . 4 _.nt.~Of::A); 'lfte,...·tlrM' ef•U. 

d~~ lnc:llu•· •t .. , trpe ot ;MJI';·~ .......... "" ·•d so 

<A>.<t>~ oan IMt ,,.., ... _.,,,.., "ilaal1aa"'·'·••dut'.•llthW' .W.." ·:If•-'°", .. Cfther. 

<A>.1 :typ••a•••n, ... .... Nilefllttorl ·~ '<p.<l>:type ailUlt not~' p~d without 
- ~. ; '-;(~' ,-"., h ,...,. .-- ' • ' 

more knowl._.-of ~D·(tfte'..,.'Ofttn.:~t). !ven ~ ........ checking 
··: : i ...... '·'· : : ... : ' • : . 

may be ct•.,...,· It ,. Wltilit"~ ~ at nllf trite r~ than 
' ' ,·.t 

Ctt.pter Two - ~ta• tL 



auNcrlpta, but tNa. • .,.... tD undeelrable ....... 'ct•P•Mnclea In the 

IHtalnterpreter. All In all, h nw': ~ ..... IMICtl ctoa9r to the semantics 

ca·•w tO wt~ ata ••t._.. • •· ..... whanlzatlon of attribute 
_ _. .. 

°"' ..... Wlllalt ..,.. ...._ fWllU• ., • •di •I*' - fe+, an .,.y 

_.lQllll•nt ta <A>)ere ...... .._.. ............. J"UJllld•• of ttte·~ (e.g., 

<A>.l, <A>.2. .... <A>.10). ,... Dlftlil._ ...... tft18t· • ...... In a 00Mp0f1er1tt's 

effect .of .tttle .. '4MIDillal ( ... cll••••drt ll.8i1· • ......-. Of •klll Ht8) 

colncldea with common practice; • change ln·~*11111 -••date . .,,~ary 
COPies of the wlwle .,._(<A>) lllutah•• Nlt.f'...-.et 1Jt•f...,, c•• Of other 

00111POMRta <(e ... , <A>.7); aft the -- "9n4 DllmOaa In ... :.wttole a"•Y· M'9lltd 

A,a • tlltlll ex ..... flf a. etruotwect eel. flDftolJ r • follGIW:."'10 aeriee Cff IL 

•t&t-enta( ... f2.&afiwat1e.._.:11111..,..._ot.-..w.-~): 

x ......... 
ALIAS 

J ALIAS 

x._,_. r1WP..,...11n "'•••2 
<X>1twa•11• GO..U.94 

X.1 .. htwP~51•118J1Ju'M, .. r ldlln•2 
<t>i•• ....... , <•>...-2 

)(.2 . J~--.-···"""' ..... Jteizea2 ___ _.... _________ .....,<.a <J>:atz .. 2 

In thle example, the rvaluee of I Md J overtay tM .rvldUe of X _(tM ~netr has 
..!, ·.' ' • < • ~ 

the respe>nalblllty for making the atorage allocated far I and J overlay the storage 

for X In the flrMll translation by addlnQ tlf>Pl'OPt'lat• tNMtofMatlofts to th 
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... ~ .... _.,.. -~\ ~- 4 ' 

catalogue). Note . that although X la not exploftty declared to have any 

components, aUuln9 I -4 J tQ X.1 and ,JC..! . ._1 MMed thM to become . . . ,, . ; 

components of X. Thua, UeJno th• nauonlfti of -.. --- paragraph: 

(1) .ohangu to the Nalue of X Inv ... the ~ of .I and J; 
, : : ,;/l.'!('1t-i •. .~"'-

(2) cflaneea to U. rvalue of I Invalidates tile rvalue tA X. but c:toN not 
atllot-. rwdlle Cllf .ilr411d ' · ,. ;· ,,,,, ~-. · 

(8) change8 to the Nalue of J lnvaltdatts .,, Nllllliii., X.1AR·· dOee not 
affect the Nalue of I, 

. -~ 
The ftnal two condttlone 8how U.t I and J .,. ·ll'Mteratood to be ~joint. Theae 

, ',, . . .,- , •· '_: . ·. ' I·· · ~f' '!; • /.!", 1• i-4'• f :' C > ' ~::, . '. ~ ,,; . " ' t" .-~: 

three condltlona are juat the ... antlc8 one 1e1a$tea.wttll overtayecl atorqet. 

§2.3 Tiie aynt.x of IL 

An IL program le a sequence of atat_,.te.:\~··· ()f. tokens classed aa 
' . ' . ~-· - ... ;·:~_:-."".,,_/ :-. :Jtj.t_ ..._i 'f.~1i$· 17 ~~- f. ':. ! 

Hterala, lvaluea (UMI ·,..._ of a· eel), or ~ fttti ...... of the contents 

opwator:to·~ lvelue).; ··O•fll•illnt ....... ,.. .-...~ ....... '. 1t1·• 1t ~'It 

.. furtller ......... -~- .... .,.,..., ... ..sl; . ..,,, ........................ ; .... t 

be· lv ...... ;:~ep•ator .... ...,......,,tolilllnilf_,.n...,a; ..... f~ ... niay 

be any.tavar. ,..,,.._ the'•-UO.ftie .. IA'W...,._.,fclltt,ol..._·Of ~; 

IL JN!CMd•e·m ,..,._ tntapr•Mtlan of Or..., ,..,.ftli.1:,4ft'\tlllt • .,..Jti,:·tt • ·atllffar 

1-:a BNfa .,....._ ,...,.d••'MY·~ llllt~'ot•tftei.'.,.llilt">4lt' .. .......-. 

Special tflltw .... uuldad1D IMllcat9 ._..,....._ ..,_...,_..,~ 

~wntdft,·an a. PfDll•> ,.._._. •• ,., .. .,. . .._.. • ..__,llllW ••••WMt>tlM~ 
••ldoewref.,.........,. .... ,,....,~ ·M'.tL.W.....,.,.-..,;fOla•l'lel'mi 
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label Operator oPerands Attributes 
x declaration X:type•lnteger X:slze•2 

<X>:type•lnteger <X> :slze=2 
y declaration Y:type•lnteger Y:alze•2 

<Y>:typ .. lnteger <Y>:alze•2 
z declaration Z:type•lnteger Z:alze=2 

<Z>:type•lnteger <Z>:alze=2 
C1 constant "2" <C1 >:type•lnteger 
C2 constant "3" <C2>:type•lnteger 
T1 greater_ than <X> <Y> .. if_goto <T1> l2 l1 

• label L1 
x store <C2> 
y store <C1> ... goto L3 

• label L2 
x store <C1> 
y store <C2> 

• label L3 
T2 add <X> <Y> 
z store <T2> 

Figure 2.1: lnlttal IL representation 

Label Operator Operands Attributes 
T100 equal <X>:type •/nt.eger• 

... 
T1 add <X> <Y> 

The Italicized tokens are literals; the rest, references. In IL, literals are nothing 

more than character strings - Interpretation of these strings Is provided by the 

tranaformatlon catalogue and the metalnterprater. References "refer" to values 

established by other statements - they provide a level of Indirection. The prlnclpal 

dlfl'erence between literals and references Is that the meaning of a literal can be 

eatabllahed at compile time whereas references often refer to values that are not 

known untll execution time. literals are of central Importance during optimization 

since their fixed semantics provide opportunities for compile time evaluation of 

operations. Some references (e.g., <X>:type) may, depending on the context In 

which they appear, refer to llterala; In these cases It Is advantageous to remove 

Chapter Two - The syhtax of IL 33. 



~ ! .1 1 r 'I ".. .·.I 1 ·r' 1 
, = : _, f I I r · o i A 1 e. . • .. 1 1 :s 1 :... r : 

m1i •••. - "'-' 
.. · .t! . . t • !!fl Q.. ft • A 0 • i -t _. • .f f -· 

• 1 ! i l I i I ! I : ! ; !~!; H! i I i 111 · 
-· . . . • p ' ., ·r • ·1 I SI- • 'I ' • , ... I ... .. .. . . i I f .,.. I .. • ·1·· ·1 f. ., ·~. .· ·I» . . I ·.- ;' I' ~ a. ; 1.· ::J... ,.,.;, . ' , I ' :i.. t • A - 1.... ... • I ' " 

I · r I '·. , 1; f 

·:i 
-~ {. ' s :lllt, •. 

-·1 d r ; 
~ 1-. I ,-. I ·~.-·.-.- I i ' ~ I ~ i ~&I •1 1

·- J · r 
" . . I •.. .( .... ~ • ' w . I .. I I .- . I 1f ... g 

a i ' I , .. l· i • ; '< 
F a f f S J f I f m ~ l a ~ I 

~t 

~ 
~ 

-~ 
·.~~ 



•K,011 where K la the klll ••t of the atatetnent and D the oorruponding defined nt 

(OliilQ. Wbefl·,#le•..,•t¥tnt~•-.... l!llll~,-~; .,. 

ollN f. If K· ll·ellPtf (lfl{it"'-0)~..._,1> a•· .~· 

\ 

oue 2. tf K •• alngte -~~~nt.QKJ • 1) ~ D •·K • ...... ,£. fltl J;.f.tltWflJ"' •• t. .: '."' . ''.''~ ~:-••,' " 
1

"4 oue 4. tf K • (•} t11en D • •· 
~ .. ' 

Con8idertng only J~t.....ia that atr,q~ A\.:~ ~,Rfllill .~, UMp ·~ In 
< •• - ,_ ¥ ·-. 

~. ~.1 fall Into tlda ~), .~e.J~ ,._.~~..., ,10,r .-~,of the 
- . . . . 

above CU4M,. 8~~---·~-~ ~ (.....,,~. ~ ~- ..... oqv.re,d. 

by cqe 1. Stat.....,. ~- Ol*•WJL ....... , ~'. 4lflll#<'l-.f.~ (a~ 

multlpf.y, et~,) fall _......, c ..... 2; tbe ... <.I..,) .... ~ kql ~,la ,U.1"' .. :Pf · 

•J.t8Cartma .the atat_....t, . .-> .p • K. T-,~ .... ,-.. .... -fm:-M ... .U 

a~t~nta.,~ ·•Y!'· ~··th• ....- ~::~~'i'.._· do-· Mt. ~-·'M-· 

lvafu•) - In these~ tha 1.-,e1 •"~"_.. ..,..,_. ~,4 

~.,. ~t -~'!Jl•n\I ·that ~-~ ..,..,~o.f~· q4tlLln ~ .. 

r~tMt Ill to be .p .. ~ !'-8·b~ ~ ~:di'··•~- 91'9-.i.•~;-;· 

~stant ... _crlpta.,;.~'eaoh--~ ltl~K. ···~"'"'IJIMd~~~-:r¥•."M 

may have been changed, thm It can no longer be .... ad that It la avail.,_) 

~ever nQ cell, ln_~K h ... :,a.n ~~ft <~:*819 .-~~~,;~ .. tf .-... been 

c~d) IMl.pce
1
D = •· In U.J~o.icaa., . .,,.,.pf •-r·:i~_.1._t .Uc.ala 

mlgM tie ·~ ~! .. ~ tN. --·~·': f;qfi<·-·"··..._, ..... , ...... 
·oev.. In '2·2. ~ ,p~ Ma-~ ....... : ........ H• by 8P8Q&fltt:,,cell 

•ttrlbutea <•.a-. M>e>i · .,..,,~ •v-w ... .,,,.. ~}_., . .._...._ .• ~ '...-. 
~ute .~tton unrea...,.t. Thia ,_._, ... c"""" ...... JiW ·~ _....,.,, 

:~:..·Q~".!t:·~·~:-:.:r:·~-~~-. 
provided by .. ~ ............ encl rehd upon. by progr•ll.•• to ~~-~oln 
laqguqa~ ~,thla.~~-·~~·•.•,.,....,,,_ 

: ·, .... ,, .. ,. . . . ( 
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unfa~ ............ fer •••• wtten • . ..._ W oontalne too complex 

an expr ... ton (e.g.. •• ,...., __., ...... ) - wben an tvalu• 

aubexpr...., "- llleoaM Ufflllll•llllV It • •••·"- 1t1 ...._... t. value la .... 
~ ' .{ 

and proceed frotll tater.. Tltla overly· .....V•M Interpretation may result In 

lftlaad OptftMatbl ........ wt ........ : .............. tlon. 

Procedat• oilfl MW 'the ........, Of • .,..,.., . ......, ce* arid eo do not tan 

Into th• cateaort• ~ Uove. The .. .,.-,. . .,.-.-... nta which form the 

body of the .,......,. wMay .. ..t· ..._ .. ...:. . ...,. In ••····--gate It ia 

pOealble that K => D - .. . ltl addltlOn. ........ 1*t· Nturft a rilue add yet another 

element to 0 (the celi oontall*la tM .........., .. ~); 11t9 ·aecond label fOnn&t. 

11K,o•. 1e -.er tor proceclaft ....._ w. It 1e ........ Pb••lli1e ta Colnpute thtt 

appraprtite ..... by ................ fl/I .. ........... " .. >'.cMAAtlOn qufekfy 

beceMe ........ ..,,. ~ ............. .........,. .. Wr•1itjri ......,.. celfe the label 

11•,R• wftere R .. the tvellle Of ttMi _. In . ...._. tlll ........ ·v.lUe (tf any) 18 

stored. 1'hUa tlle .....,... of a ............. -* '!19 redUced to lnvalldatlng 

previously oatoulated v-... for al Hiii ex•t·• one~ tfle return 

value. 

Aa waa outlined In §2.2.2, It le occaalbrNltly· ~ to aUQIMRt the klU eat 

of a atetewt t0 aooount fot·ttte....,.... ot·••r•a• oMa. ~the •IZ• 
of the kll Ht ... , . .,. lftOrele•d, N ,...,... llM ..... tect dov• r8111111M 

unchanged - auentlally ne MW ·ftlW ... Mini'_., to a. ldl a.t, but only other 

lvalues for the deated Mllue(•)• ,_. abJealW* ot .... 1ntttag the kltl sat is to 

expllcltty Include -. Iv...,. ot ..,, °"" whld 1s ....,_.. by th. •tatHent:i this·· 

reduces the amount of· ~ ·pertbrnletf· bf' tfle· M~W wtten ualn~ 
. . 

( 

optftnllNttGna, • le would lead to· lno0rrectfy· 1Nnsformed·. prograila - only the 
programmer le allowed to play havoc wltta hie progreaf 
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the lcll aet. 

The followlna algortthm CCJll9truote an au .. a1ttllllll; ktu ••t K' from the orlglnal 
:~. : 

klll ••t K. K' wltl Include •• Jv...,.. MM8ed to ~In K a• well u the lv•lu .. 

of ..... , •. ~~)~~~;~~·-~~- !~·~!'~,4-~~ ... ~ 
,. ' ' ~- , ·~ • < • '\' ~ 

between an a......-te and tta componentaz If an ._.... • .,.... appears In K', It 

refers to the ._ ... ta trMted u a ....., ... rt(t..~il)l1.lfY'cOPIM of the 

etitlrw ..... te ........... -·~eci)~· 1t"~tte1•...,:$i ..... ~m' an •-'eoat•'• 
~ ahoifd·-·1Hf' .. lcllt*J,'~~-·~1j1r~. For exa11Pte~ •A11 

WoUld lmlaldate any ~- of. the array A bi1t ~ «r·~t. ut1atr8ctect; 
•A.•• WbUhf lnvatlclate any ~r1ttt·'tlilii;r,~/etcJ of A. .TM 

•toc:wttt• '* 
1. lnftfdy K' = I(. 

2. For each '•tr'UOttWltd lvalUe • In K; aCfd 'e.• ·t()· r. ·:M lva&ue le 

,=:.,:.w.~,,~~· 

~=-=~o.v-~·~~ .... "l\a.....:: 
lnv~ted ~ tfllt,,M'~ ~ .... ' ::.~ \"'· ' '· 

~~ t=or ••ch ~~ • In.""'~ any ~ .... ~.,1\f. '8~}''· 
4. For e._ch .. COl1IPQIMtnt fvatue. •.I .In~ 1d41.tll.,.to I(' •. !h-,lplU.t te-.AJ• to 

11dd an-~~ fiw Hcft·c~f~ ~.i:'l''A.1.~:a~w.,. 
. an-!-~ ot~1 ~-~~ ~.,~r'~;'·~~·'·~M«t~~~~ ,; . 
s. Rep .. t atepa a ~-- 4 ~~,nq,_aw•.,~ ~~;f.P."~· 

The ftrta:' ~ ~ .. K'. -~ ~-·· ~t-- ~ 1- la'm..,.,l~ 

•~rlea of ~~·~f clarify the ~·"'t·~~·r)~P'.~.of 
.· ' .- ,• :· . ""~· 

•xhlbltlan. ~t• 1vaiu. <•·O·· x.• · _,_ ~v ""''•b~ ~· .frolla ... ~ 

•eta. The eXIUnpl-,,. ~ U..,,,pq,-.r•~ ~;:In ~-.-.)~~~r. 

,.,.. 
"'"set (I<) (A}. ,,. 
{A.8. A.4} 

Ctt.pter Two - The eyntax of IL 
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' ,, 

l 
..... 
I X..1 X) 

' lt ~· t J) 

.... u.t ...................... ·~···•., ... ........,. 1n sa.2.2. 

§2.3.2 Th• .................. --

The meanlftt of an ............. 111Macl,b¥ .,. .. ...,,.,~ •.. u.PMd.·il ioto: 

other IL or tarsMrt .. ~ ~· A _... ·••'zllw • • IL .-•tler • • 
11acuo - tbe body of the ._,. ..._ the ..... ot.M .,,.., In .tenaa °"'other, 

: - '' . . ~ _, ' . . .• . 

by the target whine no further re••••ent ot ttle op...-. la neo...,y; the 

tranalatton of the •tate•1nt: la aa•1tML ~.,. ... te. ~ Qif '. "'- ... CfO (In thl• 

cm a ....... qt IL .... ......,~··· 1i(itJI.,.. ____ .Utng 

the -~ _.........,.......:..:.._ di ·-~· ·· .·. H .. ,.__ ............. _..__._ of ttte 
~ ............ ;__.~ ....... "'"' " ,,Qllllll-.·~ ~-- ' 

11acro. If •ch upeelan la _.jeot to ..., oj:li 't'·~>tt 18 poeltlble to use 

general deftntttoM fer Nc1t Mcto · ........ Le .. ddl.t._ ...... • ~ wouad ftnd 

In an lntarpr9t9r. 8'•clal caw that ....... on "1~ •'1• .of. Uut ~ands , . . . . ~ - •. ,. , '•· •r , , • 

would be explcltty ·tMted fOr In tM ............. iilce;· ,...,: ~tlon would 

ellmlnate thoee _.,._... wNcdt oould be perfaf•ad at •ilfle ..._ Por exuaple 

(Me Figure 2.2), the exp&al$1att fif tft. -..ma·., ......... 't.et the type of Its 

operanda and than ...,.,.. M ,....,., or tloa"'8 ~ adlltan • appfOprtate. If 

the type of the operanda oould h mtalhtaed at ·OOllph ....;., ·this t•t would be 

.ubautned during, optlMlattan. Altha- It Iii ·liflt MOIHary, UH of general 

deftnltlone greatly almpltftM ttl4I' • level of a ............... • tMre wll be only 
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fleure. 2.29: ........ ,~JINlll'a9' 
,• .. 

J_,,v 

'"i ,· 

X· .·#qtl'.'~ .. ,,,::~~ ............ ~, 
.Y .._._.. •:__; "" ........ ( ·, 

T1Q9. ,..,.. __ 
.. -11~ 
• label 

T101 equal 
-+ If~ 

•·: .... 
T1 add 
.. goto 
• ,,~,:C• 

T102 to.t 
T,1 ..., 
.. goto . ,.. 

T108 equal 
.. lf..gato 
• label 

T1 addf 
-+ goto 
• label 

Tt04 ,.._•, ... ·· (J~J .. 

T1 addf 

• 

()();type JI ...... ,.,. ''h! 

,<;~ ... ,.,A .. IJJ·;·. . ... 
l1 . 
<Y>:typa •1nt19w• 
<tr14))~ l2;,J•· 

,r-,;-La:;~·- .. :.::·..-; -~:·.',·f"·. ~"t 

<X> <Y> 
l7 
L8 
<X> 

.. cr1oa>. <Y> 
L7 

'·L4.-. 
<Y>:type ..... ,. 
<T108> L& LS . 
L6 
()() <Y> 
L7 
LS 
-~Y> -~ 
<X> <T104> 
1.7 

- - ~· ~-

"c·,·~·' •< 

: ··:• 

L~- ·'.ec- lir-#~~,,,rl&afi!I-~ ..... ,,,. 
Y dMlaratlon 

Tto2·· ~ . , .. 00 
T1 addf <T102> Ct> 

- ... . • l ., . ~ _." ~ ' 
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a IJfl/fJHI, ut1 ....... ,, ... 11••1'lldll ltill\-'llllf .. llPIP•• In the 
..,... ....... a.t •v-. • ...,,.. ..... ,... . ..,..., ... 

• ,. • "~"•N""·""-·•,,-••p ·' _ _,.,, ---- "'"'' ., ... ,,..,,~ • 

an at.,... ,..,., a 1111•tc1111tL1t. • -1liJfiilit ;'9 : a•••cea 
alb••••,•WJllU..ltt ... M cat'• Ult •:=-tr• i 'rl3te llbte 
to tlilt fib tr•t•~ - 0.... ._. ---W'lil~te 
................. -~~-:i~.;~~ ~·•i . ·• tl 
...->. ., .. ...,... ........ ~,-• ... :,......oe1a 
....... . • <;,;;;},"1' ' . 

a .......... _,,111ta•: • f ICtill ....._~,,,._ •aali'trsl" of the-cen 
le n••ll•dt ......... • rwlue ..,u•11Mu;tnta ...,._ ftlllite4I) le 
....... . .... -~ tJ.t.;,; 

There la no • "'°'' ..ntcu.rt on -. •••xtW of • , ... .,.., .xpra•elon. but ( -· :· . ' -~ i,, " :< ~ , ~, c ' 

-· than one level tJf ~ ( ......... : .... , ••,; aeey .. y. to be 

calc&llatetl *' • ..... •Mt••••t. ..... .......... • .... •. ~ levet of 
" 1 ·~.le ;/oi 

about ~- cllllcult (ar ........ t•l tp .. ·~ ,,.._'.;.. fl PftJONIR. IL 

atatentente wlt!'.-~~~tt~- ~~,;~.,.- 1~~ which may 

tranefonl them ~to OfdltWy IL ~. etc. but ~- ,.,D_l!l.lla .......... In the 
: ,, " , ,-.. _,-,. ~·--: .~],.,.~ ·: --~, .. ~J~>)f;:.r.~:.:"~- . i~'i<l~·:-_:: 

flnal tr ...... ttod. ·.'ft . .,_ tldlii#, .-.;llldt_ . . "1i'Ut lft~N 'i '.F.Wfi' 'ttitite ant). "'~~ -~ J'r.- ·. . . -~J ·: • . . . ..... 
The naw ohcllen tor''p1•.a ...... ..._ .,.,•••rwif--~a-~ be UMd for 

other purpoe .. ·t>yttte dul.11*'; 1it·ttils ttti111l:·ia11ullaepll..._-..-be dleplayed tn 

The atatement In wttlotl the ENO ,,...,.....,..._ .,. • .,. atarka, the logical 

Md of an IL atat~ ....,... - IDw aftlltJlllll fer tm ae..-ce wlll not 

40. 



the matalnterpreter. The END pseudo-operation la tnteridad fof' uae at the end of 

.. ll progr .. end for IHl'kktg tba end of·~ ·bode. wtthlff: the 4h ,,,....., 

pr~ 80lle tr-.fonnatlGn'wllt tranafate·tlotnw •·..-.:• rwturn u ap..,.,.ate~ 

Thia operation ..... no UH of U.oJeMI, aperandfor:a_..,_'.'ftllllcht.,..o•.,- be 

,"":., 

cle•• of lveluee - .-y ••..,. of an equlvalnce:.-..,., ....... to ••aw rvatue 

(although .-oh 118.., •Y ..... dlffeMat.· ..... e-.,..-lated .. With tt~ Thllt 

aperation .. :-4 tQ lncloete......., 4f ,,, .... ~d;e411oi ... ) U ... reef 

by "8 llOUrCa ...._... .,... .. (•.g., wltll tlle 4!F081W &GllWilENCl''•tati1•11nt) 

or .u ........ llt w W..._tlaP Ce.a-. ... •tl,d1,10M<*tl fMt·two·cela 

IMJkl ,iew ..,... vatuei thfe, typtaalty aocura dulln1 ..tt•I*.,_ · whaft1 • 'Mquene• of 

etatwma Jloll9 down ,to a .move tr.a -..~ c•. m • ,., ararv ..... the AU~s· 

QP41f'atlon woutct hMllcate ·u.t· t:be ta11p1r.ry;a .... _,,_., .. ......., ... 11). tn •• 

latter caae. the ALIAS c..peratlon provldea a renuatng capablllty . te "U.

trMefomatloft;dealgner. Thllfora-,of.the AUAS atate11entta 

which oauaea the_~t•l~~r,preter to p1~P~}~~~1 In .u.. ~l\HI:~~ fgyi~~no., 
clau u lnlue2. Note. that, b_y def!t'lt!R", ~AS ~ ' tr~.-~ ~·t~~~.· Ty_plcally 

/11alue1 la the new !value to be defined .net Ctf!~~~·· ~'''i~. lnftl@l,:~itrtbclt••· 

§2.4 Flow of control In 1111 IL program 
. ' 

In the·pr•vloua ...... ";the eyotax and ....,.ltcte•'.of•• 8ingle ll at.ta11ent 
~:;i i! 

Wllf9 d•ortbedt ·Ulla ... otian dttacrllee .• ,,~'.·'df;."·a.'. ...,._ •. o1 tl 
. . ' 

statements. IL ·~ •• executed aequa8'11ly, ..... ,.., •¢1ktlt traitafen of' 

Chapter Two - Flow of control In an IL program 41. 



OMtl.t'GL Ttllecla1111c\Mlllaln-w1t111•••••H01b~_. 

"9ht ......._et 11Qfir•11l1a) • .,., .. ..,. ••••;,..,..,. .... tUd•lltf than 

ttleone ,,_.. • .., .. ._ • ....,. a.._;m•Yltllllt .. .._'WM.,._.;,•••d 
by ........ , ... - •• , .... , .. ,., •:212 .... 1.,..,..;<••--> ....... be 

.VlllUM.ad .,._ ........ CIM'Mt •1lllUdl' 4ULliMft1Utlltli~~ at8S) tab 

......... of W.111wtlll'Ly fn ... Htld ·•U' lu1• PtllJ ...., ..... •Wlllulattdn 

IM.,.nt In ~ IJ.;,,....r• ...t-..t·.ae,_.111 11 .. , .. 41:811-•U..,a ...... and 

ttMt ~· ...... •c • - lllUll.'-:--~----·-•tJt&i"IJIHift:''lt 

progr•'· 
Gltapllf, ·the . a)'fttaCJttC 

requlr• a "tranaf• of oontrol" with every etat .. Mt - the dHlculty · 1n 

a~ttng tNa. conatruot In IL reflect. ·v,e ~dil ·-~ a SNOlot. 

aompller for °'*'vWitlonal ...,,., ~ ........... ...,. "prolti9.r hu been 

solved, tile 8dlUtion can H ~- In IL. 

t In general theM tranefonnatlona only c:tNmge the evaluation order to achieve 
wae 8Mlt ,..__,...,a-rttJuc- In U..flut&•'Df .... M•....,..,'fD .valuate 
the operator. tn thlll way U. OOIMltlaM ....., wNdl evetuation order can be 
tlOdfAld ...... t ......... ~1---• ...,..,._.,..... ............. fn';itlfe' 
tranefonnatloft ca~. ,_ ....,.tlan WDlllld be _.,. durin8 the analysis 
... of· a M'lan-ar. cAlt:ll Cl '1111 tD G*81•mtt•St .... 11..,ator ffOflt ·tu· 
specification. 
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,:,-;;_ 

IL •tatementa which cause a trmnefer of contrd (tr.,..far etatementa) are 

r .. dlly Identified: ·thlt)(. tave a .._.. ln.;~1; faiaff ._ ~4tfiet this use of the 

label tleld prevents the. etateu~ fralR ···~ '.(~ ,a~) a value, It can 
,,· .• . 1 

only effect a transfer of oQntrol. Proceclurtt oak, .... ~ ctttrerently: since 

control returns to the- atM•••nt·fellOwlnlq~,n.cieduN cal9they .are shnllar to 

orclJ~ s~t~•.-.M for ...,.,.__.,, .......... iot-.· pt'OCIMM'a body~· fn 

~.3,.J'.f • 9QDV911- ••• ,... .... 1-tlJ111.l ... tq,Jll - ........... ;fllattnG 

the 9id• .•ff•ota of ""~;Ah.,.,,1,.;,.-.1tw :••!9.llll"*"'·~laclceted. 

Proceduru we treat4Nt :M .,..._led! ... ,..._:::;lt\1aiilJ.i ,_.,nU.'"tNI HOtlon le 

conc•m•-. . Not• ~ *'".,_._ .-.._ •• • • ~f.,..oontrat; ·tt"·exeeatlDn 

can -~·· ...... , •. • ,,_-;,.,..,...,.. ... tt,:::l..t· be-- prwkted-- tor 

axpHcltty t»y '¥'4fe.-: ..... Mt .......... · . ,, . · ., 

IL 11-tement.. _.... .,.,. . -...; a. ··• •••fer oft·•oontrd (target 

et_...nt!f) ........ lW ......... ~ ... "--i_.'91d:.. ;Ae;fortr..,., 

a target statement la a target for a 91Ven tr•l9fer state.....t tff the 
.... lvalue .,, ... u ... op11 ..... llldt::"-1 ..... ! .......... lt 
and the trwfer etat1•9"t. 

, ~~,,-~:4""~.;,· :.f;;~:f ··J' ,~t ':._~;,.'!j: r, ~ •.'t;.,J 

Thia convention allowa adclltlonal ....,..m. to tranefer and target statements 

which can be. used by the aperator of th- atate•Mta. .The following example 
• .;·:· ~·-f ,, ::,~·:..r: ,·... \1i~{~1y. ,:.:~:' f,;. 

(extracted from Figure 2.2b) llluatrat• the oanventlon..,. clearly: 

Chapter Two - Flow of control In an IL program 43. 
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., .... 1.4 

The 1rat ,a. .. a w•tlfar ......... -·•·tr.i• 111Mif'...,'·Wtlldti *II tnlrtllfer 

..,....,. ...... ., ... .,...._ ........ ,.•••••••·111tttw~·· 
••,•ttMBI• •••--.. ...._t.1 .. •·•air•u•·• ... ._ Mlt"MdMOGl'KI 

aaa1m rnt; 111 IH• n1111 ....... :;fltu ..... ,._ .. JlHJlf. lfflll not ·pOalble· 

• n11,.. u.e ..... , ....... •n••-s••' .... Wl1iDft: -..·w•r• 
<*•• ................ \Oft--···-···;· - .,....,., l(lfldDn (tlM\f ...... .lbfy 

,.... , ... t11•tt·• .... ·itir • •••• , •• ,..,··~···~····flow 
.,... ,.,; . ._a.,. ....... ,.... . ..__...." ni :lithl • M'••'*' 9tlt~41 ;a...,, 
.............................. lt•t••• ......... .,.., ... ~ ..,,. 
ndtMI GMt·ltrttle ••ltdtoa.fllf .. llPlt•••- ..... '-lfMlftt"'•1Nlf·oral;lt 

... ,.. - ......... ..,, ....., ........ , ··~,-.:·······-- Md'lll 

§2.6 c .................... ., ........ ' ' ,' . 

One of the goate for tlle ... of IL .. 1ID lllw .. ca•PI• tlMe oatcutatlon 
·~:::··r~ - ·,~ Q~·~ ~ ~~ 

of rvalua. 111111 MCttan......, ......_ • .. t1•11111t1n ctl,.,...... (and tvtduea) 
:-'"~ '.~-'::£':; \'t'.~ ~; •' f, 

U8ln8 Ut• notdon dl'WllDJ•d In ....... ........ "' Wit ....... •et not.tlOn .. 
: . ; . ' ~ 

ta known .to tMI ...., a or 4 then we _.. CD • {8 C}. tf the value of a 

rafwertce ~le **nown (I.a.. It cMlld IJ9 MY pau8'1a vatue) then we 

write { 11}. 
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Occaslonally, It la PoNlble to further reaotve a particular reference 

axprenlon. If. <I> ~· {8 't Ulen 

Q).<f.) • <A>.(8 4}. <•~•·<A>i.4}. 

lf,·on u. other hand, ..._ v*• of J ta un...._ CO,:i•.~~ ' , ... 

<A>;.<f)2:• (A).(11)1•;,4A).«. ;>; :; ' 

IL recGfPllza · ttMt ,lllt.fta-. f~ . .,. tlaolt 1111 t pk a ...,.lanti '·an e#ect, .uch· 

reaolutlan .. ,..,.,. .......... tlady. Eveft'1n: .. , ........ di ....... ~'ttlia 

rvalue of I, a rea8Clllllllla·.illt:wpfetatlallc .,, ....... tft11liFIF ...... G> ·lei··~ 

erring only In that It la Ukety to be an overly coneervatlv• Interpretation. In the 

second example above, the distinction between· •n u an abbrWlatlon for all 

poaelble component n&mM and {"} as the repreaentatlan for alt poeelble values has 

been deliberately ~lurred. The Intent behind ... 1gn1ng Mllft9rtc selectors for the 
I 

cQMpOnenta of the array A la to allow tht8 aort of fellcttoua confuelon. 

As a rule of thumb, the utlllty of the ...,.... ... ~utatlon of a celra 

rvalue la Inversely proportional to the size of the value Mt. There are several 

contributing factors: u the size of the value .. t lncreu .. , It becomaa 

lncreulngly unUkely tM.t any elgntftcant optimizations wlll be poealble fc;w rvatue 

operations on that cell. In addition, uncertainty In one eel's rvalue tends to 

propagate to other eels whenever the ftrat oeH la U98d a• an operand (the value 

sat of an operation la proportional to the proc:tuot of 1he value sets of the 

operanda). Such •dffutton" of complle-tlme Information la not uneXPected - It '#0\lld 

be unreuonable to expect to perform all QOIRpUtatlona at OOllPile. time! However, 

the prognoela at this Point la not enoouraofNls It would . .,.., thet large amounts 

of compH•tlme Information could b• collected with llttle p~pect of a 

corresponding gain In the optlmaHty of the reaultlng tranelatlon. 
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The preoedlna ............... Pf'OlllP'ta two •er 'tlm••• 801111' .. ;itfa• Olltculatlon 

of rvaluu la eubject to ... ...., ti/It ..,. ... m--. _. ttt.efore rvalues are 

not auli.ble for Cflll .......... ._ .• _......__.,;._....,.lltlan··Dn the cefl. 

The ftrat obMrvatlen HIW8. u,,.._. .,.. ........ ~,.,. tt. llattoductlon of {•) for 

nr.aue ............ ... v .... ?._., ••• , nU•I(• llle,.;,HC .. i''*' •Ull tbat 

Mtrlbuta9 ._;•·,u11M·.slf1•11. e .. :'••• ... -'•·--•••• R¢ a., JIHl't!llda a 

........ for Cllr11•11•1 .. Mf9 ..... ef'WMllll 1l 4 L ltllll lo. 
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--.,'.::;·'. 

§8.1 ft• trilMtarin~ cabtloeu• 
- . ."".. . ·. ~ '• .· -·.·· .~ . ·,. ·v, ':~;,; ;.,;,;._ . ~h,;>1'.. ' 

A major design .gciill for the IL/ML system wu to kciep knowledge about the 
• -:•.,{; .';'•'.~ ··.' 0_ ' ,·· '.· ,", ' •• ~t.<· ,',,f;! >~~·.~;~tli~~' ~~~·;~,.~)h.· \.'::J ', ~.,;~'~ 

aource lenQU•O• and t6t'g4tt · lnaohirie s.Parate froin general knowledge about code 
, J, ., • • • • ., ••• ~.L·.· ";--.4..._ .·,. ~--.··,· ... · .• ..:i~f .~"fiJ."ft:f~,> ·'f-.}i-':'_;~·; .-..;:· '"·. -::, .;~-:t·;;,' . . ;: 

generatton. Thie WU ac~hltd by .Pri:wlclila b a eeparate deacrlptlon of 

' . . ··:'q; '·"':' -~\ ·~ .. ~.. t. 1": ·· ... t,,.f ':6.1.,. .J;. ·.;·~ ... {'. :~·,1". 

after ··t119· tranaformatfon · haa been appll9d, the UfNlated ,,... wlll have been 

und8ratanda: 
' . ·•• • 0 ' •• :·" ••• , j ,, •••. ~!"! ·"" 

as attrlbutee or a new aequence of IL atate1nents. The 
< . . . .:. '. '. ; . . : .. • ~> n' ·>J':,.;, :;.;(J"'"'···~,r·"'", . •, . 

lhetalftterpreter ·provides the r..elnder of the fr•.work needed to ftniah the task 
. ' --:: .. ·;---.... · .. t.· ' f _,,, ._· • ' I... . ~-i'~.74; ~~-. <); ;;:f~ ·t .~ I;·. ' 

of COde generation: whenever It exheuata lta amatyeia of the current program It 
•••• '. • ;. ·'~ ' ~1~ • -:; ~' •••• ... >; ·<e_', ~··: '~~jtf;~~jt:/;;.,;:;-/.,)·!~~· ·~ .... i: ... ~= ' 

returna to tfle · transforiH.tlon cata)ogue to gather addtttOnat lnfOl'IMtlon (In the form 
I • ,. • , ' ,. • , :. , ~ : , ; ~. ,·:f' , .:_.:• ·.~·: 

of a •new• IL progra• to an.1yze1 •. ,,. .cycle of uatyela and tranaformatlon 

repeat. &;Mn 'the ttariiratbi la --~te .. 
" '· r~ ,, , . "- ; .. 1~ ~, •. "; ::: ~l ~~ ·::. . . . , : 

Thia chapter dfac.,.... the tranefonnatton catalog\MI and the language which 

aer\lea .... bul8: .... ta1a,.,~oe cMi);~-~·l p~~~ f.'.~O..nts. 

:-;. -.~. 0
' :;>.'.·"':r1;;ltr: _;~ 1j 

statements In which he Is Interested. Thia c._ can b• quite large (e.g., "all IL 

statements which have com1nutatlve operators•) or quite amaH (e.g., "only 

statements which apply the elne operator to. the ~ a.14't60".') c.\eP•n~ on 
,. • .·:- ·-·{~'i:1..· ·.,-,,:·:·~·~:·~ ir,r-r f~'l;·· ··. ;-.. p,,, ... 

the applk:atlaft the ....-r Nu In mind. ~INillfMrl 'of "ttie · ciU. of "it. tr~ii~•: · 

Chapter Three - The traneformatlon catalogue 47. 



18.2 pt9hnt8 a detaHed 

other u a ,.,,,ea__.. The"*"' apecl9ea '!f"t. ~·-· -~ " 
a Mt of ,,.... .. ff .... ,. en .......... ~ .C~ OMfCet. IL 

~ -. ,'. ' • . :_-::_·;r ~--_'":{. -. .:·· . ' < . ~: .... 'i:- . ' '~ - ,, ' 

atatement(a) which .Mtott the ~ becoMe . ..,,._.,~ ... for tbe ~Uons 
' ' • • • ' ,. ,. - ;:_, - • -.. ; ~ ·• "' ·.: « • ••· " - • • 

fragment to be ........ d - .. _Mtdled ffa:p,Mt. 
' •; . ., ·; 

The .,.. of n.-.... 1e a ... -.~·~.-., ~ tor ~ll8 
-~ ·. . .. ·,, ' -:_· ~ . . . .- ; ~ .... ,.\· ~- - . ·-

knewteclCJ8 for •t• uu lft a~ f....,. ( ... !1.1.1), •. 11 . .U.tl'tlt .. ~xW-I 
-... ~~-.. "· . . . . 

Information In UM ~- NH (~ tttla -~ ttMt ll,._ ~) !'-: ~~ In a~tac:.tJc? 
' ;. ' • ; ,• '•.A '• • 

form, patteme provtcl9 a oonclM cteaorlptlOn of wMr8 • plec• f')f lntonna~ 
, ' , . } . . . ·. " . . .. , ,: .: . . . . •. 

atatentttnt, If the IMtainterpreter hu no _8PectlJo .. pl . In ,~-~ alt8fft4tlvely, th' 
-· .. ·' . .. ~ ~ ' ... , .. _, 

reptacetRent (which la al9o a pattem) GM H uallll'lttd tp detemtne. If It 
: . ' .•. ~ . ~····t, ·.; ,. 

accomplatlee the cMtlred decrt. The llbUtty to ,.e tr.,..._~ fr:OM .elthtlr end ;': > ·.'·'. ;:;1'.•t::·.,,, " ·. ' '_,.:i:ti~, '. " : . 

enhancea their utlllty ae th4I bal9 far knowtectee r~. 
1 : ;~ ~~.:-:·; ,: . -:; ... ,. • ... ~'..:·:::· .. , :~i:.··-;-'· 

sa.a deacrlbetl ~tr~.-·~"'~ .~.t\fY _,.. ua9cf 
. : ( _, , . - . - ' . --- ~ - . 

by the meta~.'. The ftMt ••~ of 9'fe_ ··°"~9!."" P,!~,.·~ eerlee ,of 

annotated exatwpltt trwfonn•tlane. 

t Thie conteJtt can ' be turtt..r lllOCltfted by • •t of. conditions specifying 
conatr•lrJtl whk;h •• not .•J,tPf•lr._te m .,_.,of ._., ._. of. 1the It. .. ......,_. c••• sa.a.1>. · · · · 
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., 

§3.2 ML1 a language for deacrtblng IL Pf'Oll'8lll fr ..... 

ML ••lllJlar ..... ....aaagu~.\'li·b '1Jlfllta»1•uMunla·that of ll (t.••i 

an IL ~t le a .._.II. .tat••nt) Md;.._, •c1ttari~>f.t : ... -,,o.-m 

m•t~..- to ,..._..JL ~ ot .....-.ii. TIMt ,....,.bel•·,.a.., In 

two n.vora: wild .OtU:da ·-~ -=~,- .11doQ!t ·~ llta.1---~, and cala 

to .. ~i" ~"~t ;a{IQw .aG~· to~,_.. Mt9'ft11MllF~• twl._. 
of JL progr ....... ntlc8. UM"'·----...... , ............... towrlte 

geaer4'f1Zed IL program .fr ...... ·theae ... _..,.e.,_ W;eenerlt- thM •n fl 

pt0Qr4JD fra(pMAt. Iii••--- tlJe,,...,...,,_.,... ~r-ci .... :.at O•••nt 

However, the cl•PlrW CM _..,•u•l•c"...._~ce~ u·hla 

only ace~ to the meaning of an IL •t•••td .. il'tt8 ~,,._.-' wlunaver 

bullt-ln functions are avallable (aee §8.2.2). Since the· aeparat• flelcte tor klH sets 

and attributes In an IL e,tabtnlent ..... to be aa far u one CM go tawarda making 
:ij;":'.f . ·.:.~~:~·~~H'f:r..H:"'>,.~-~;:,, _, 

the syntactic form of an tl statement retect th4t atat...m'a se11antlca without 
-)· ~ -j~ :·jc- ;,,__·.; ~{fitf,f) . i -"i!~. 

Hmltfng the generaUty of IL, the lllnltfng factore we . ttte ca"tNlltllls of the built-In 
. - - v·-~: ,"·r:·· .... ~~.-"- :"!- __ .... ~'; -, '\.. ,>o ;:-~{'; 

functtona. The dealgner can det•nnlne whether two Hter• are the emne but 1tay 
~-~· #t} ~.:,_ (~?,--, ;-,~:-\ 

not be able to ftnd out, tor example, whether 1;be ..,.,. root of a Uteral la an 
,.~ ·:;, ·-·~~(·;; ' '·c. . ,· 

Integer. Then r•trlotlona on tfle ...... of .......... furlotkJne are the moat severe 
• A 

!Imitation of ML: bulldfna In lantU•ae- and maohlmHlpeclflc predtc•t• Into Ml 18 

ruled out as thf• atrecte the ••Nlity'-.t ·thtt-9)18t .. 
19M, ~;~tetY, It would 

- - ' - ':· '_: : j( ~'- '-.. - . -~!'-':-~;"', ,_"<: 

be lmpoaalble to Include all tM'lenWany uaetal;functton8.'-"'Ctt~ we be accuHd of 
'f- ~ - ( :~: ·:}<.>. ,,,,_ :7 7:; ~;'. -i -· . 

makl"8 a mountain out fit· a MOl91tlll, ft 8hdUM N ~ed. oUf" ttla~~. r•ult of these 

U•tatlQna ,le ~ ~· ~·~:,-.e11NPJ!t1:>~-00IRPUtatlona: 

•P4N>lfted In th4I IL ,,.. .. QOM/", be ~ .,,~GUUw'"'"IYirMI•. aoMAUtatloMI 

Chapter Three - ML: a language for deacrlbtng IL program fragments 49. 



takM tta.•td•& .... "''"'2111111'1' .. '-~f--·rfir ........... of ..... ·Mca 

,_. w.-.,.r.-...•••·•·•••llirtrli • ...,.. ... ..;·'tJMl;.-llis•'•t M conetructect 
,,_,,.._.,..,:..,..,.,._ _.,...... ...._...,.....~!•'•'··~. Ttten 
addMlon* ·to tt9· .......... .,.:,•-U:IU;'W '1'!11Mif ...... , .. ;,_. 1ot _.. ..... ,~the 

~ ; ... _ ............. ,. - lfJllJllfji'rtf\'• tlPPflo•tlln Ofp·-
••t•• ...... t ...,....._,. ••••• ... ,., .• k(t.· "'" .->• Wtlliitd· tranetate an 

..,,.,, ..... _ .... --· .. ., ...................... . 
§3.2.1 deeet'IMa wlld o.-dl; 13-2-2 ......,.-. ... exanittMe IMalft-fn 

functlane. ·b•MP'&r·•· ct1'8•ilccw __,._;._.. tfllW .. '•oUOn flit ._ ~hapter 

sa.2.1 Wlkl ..-

Wld cllfd ~ are UHd • -~....- ~ an Ml etatement 
~-,:--•:- f; 

Wherever • ....,... IL 0111111anent would a.. • ..........,. - the wlld card wtll 
i , ~ •.- . - ~ ~ : .c 

atatementa .._, ..- In a itattent; to a .... ...,,... tbte ..,._tlca of • 
--·.., .• f:,i"? -<h _.,:_ '. / ·. . ; 

reptace .. nt .. ....., <•-•- .,. Ill•.._, In ••.a). TMre •• four forms 

of wlld card: 

~ .. 
\. -""" .. ~ ,..... ..... 

,)#¥4 41).$ @4j --~ i.'"'· -•*' ..• ·· .............. 1.1•··-
...... ,.,..... h ·\;' 

• ..... , ... .,a: •Jlztf .. . ............. ~ .......... . 
,..,.,. •··• _.....~ .... ,..wiMctt.-·uMcf<•·••r1 1ldt''...W•n· IDUtttltt• wild 

_.,. 8iNMti·tft • .....,.:._... .,~...,....lilttt .,..._ •ii''6" alle u.ed Irr the 

50. 



given wlld card appears more than once In a pattern or replacement (I.e., two or 

the ..,.. IL QOMPOWtr If We·· dupllcatlon OOOl8W wtt:tm·~• r~m then all the 
. ' . -'·:·;~,:-. ~f~:,~:,- ,o ' :.;,'.~~ ••• f, 

' .. . ... '" .,, .... - '·- .., -~ 

OOPlee must match II:.: ~·'With ·u. 1-. ....... alillcm •.. :_•'. · 

The? and t ~ .. ffrda.~~- a ~•'.•~(~·~.or •t~~..-ni 

reapectlvely, I~•~· for eaqh '! <•> ~,-re ·muet .be '· ·~~)L }~0111PO,fl"Ot 

(8tat...,.t) In the IL progr.- fr~ ~ .~ ~' ,,tph"9,, ~It .• t ,..~n 

deaorlblng an IL .tat......t, aU of Its COllPOftenta (with Ute ex~ of .. attrP.»,,149. 
~ ; !>_: • '{' ' " ·''< - . . ' • 

••• sa.a.2>,lml8t,)be,a~ed ror.Jn, .. ~.~·~,.; ,~,1-~!t'Y or a• 

wild carde - ~ tile ~tc ... wHl:,faff. ~. lf .~ - . ...,..,, •.. ~:it ll,8 C011f~"~H•d 
. ' 

In the P.•tt..-n. vtttcJ c.,·."4 ~ ..• .t.~.--\~;~,tJatl·~~·Of.ttu.t~fl'-'~· 
•'' .. , . .. ., ... , -. 

(~•? ~d.card) and ..... d ""9• ?• \Vfld.~41l,~. 

The. ~.11e :~ c•r~ "'~·· .. ~.-~\,-f PP,,,~,.,,~. 11,... ~·rita 

within a alnole fl!ld - ~·~:. ~i.i~• •• ~~J'~M~, ...... !-"' th• 

COlftponenta on .either aide of the 711e .~. ,c..,.t,~ .. ~1~ al.a~'~t. If tf:!.••e 
- ·" - .. - 'if - -. • ' • :~ :;'· ' - ' • • 

adjacent components oonetraln the match fot the ,. wlld card to a 81ngla ... ~ " _,. ,. ' . - -· - '~-· """ ''~ . ' ""'". 

- __ j ' ' ~;ift . ' ·~ .. ~:· ;·,'.i''-~_;::," ; 

sequence, the 711e wt(d card la .. Id to be cm·Mf ..... i:~ tff~ If more than one 
., ::;._·~. ·, 

?" wlld card 18 u.ed In a ....._ telcl,. tMy may 1Mr~ .. it1:..,.;i this la alway• the 
. .. . .. . . · .. \._ ..... : ,,, 

cue If two· ?" wlld oarde are adJaoent or •!IP•ated by any ~ of ? wlld 
{:.:. ' ', -::··. ' '>'lf~·;~ ·-.:i-~: ;' .,f_••t,,11 

In the IL fleld can caun the ?• wlld oarda to be ... ..._.. For example, cone~r 
. : ' •' :· :i>.!:1_1, ',' .. f<..;;J~.~ .• -·:. '.)>·•:>~·-:;; -;· " 

the •••enc•· of components •AB cc o• .. There are ~ ways In which 
" .' "':- - ·: :; -;·~ ,'\< t ·--d.t· , f,f.."- 9'"t ~· ~ ·, .... _. : • 

conaponenta can b• ... ..,._d to the ML expreaalon •?x ?lly C ?*z": 
- ,.·· ·: '<'-,·"( ·;·• 

?x••A• ?"Y-"I" ?•z••c o• or ?x••A• ?~~,~8 c• ?11ez.•,-011
• 

·, : ' .· :~':". ;": ·;,- ,. ,"J. '· ·,. .~··~;.~:-) h,A.;>r •' - ·~ 

AnlblgUOU8 wtld carda are uaefut for .. tchlnt a apecltc. a. a.ponent anywhere In a 
( 

fteld; e.g., the followlnG ML statement matches ._. add atat...nt which ha• at 
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If *add" .. a__, • .,...,._. fJf ......,;_.,.. •.•. be ••11.,.ct no 

C011Pan110 ....... 1Mf..... ft. .,_..,. .,, w1i "iMI .h;.,r ._ ~ 
, '• _ • ·<; •• ,.,· •• ·,_o,' ·_ r,,: •\• ··~·..,,-, 1 · > ,' ; 't -.-,.; ·: i 

'l:r'adftlaM1 .. it ... .,, ... •'• ... ,, ................. tOr later ·..UC.tlon 

Iii M I •f 1&Cl•llftt. 

. •·t*WJldWd _. ... ~ ••• ,....-.·.,*9.-...1..-•t9iwtte. Unlike 

.,. ttowever, ............ • ...,, .... wr'·la'li·a.J'JIMt••.._ an the fl 

.,,..,_Wt by llw cd o••w.i atiliJn ..._ .. lddltJ• ~to Ute proceea 

of matching .If OM ~ felM h ...................... ~ , ........ aftd jolna In the 

ftOw tit 'Oont.rd ··oftm ............... , .... •M111"1i• di ...... that 

oOUld -- • ·~ ... ....... .. ··-··t•'••••ir - a. ...,..,. 8'Veft In Figure 

2.1 andttle ............. ., ........... . 

Figure 3.1 ahawe tM twD pa11lll• ••...,... of I.. -..1•1nta ttlat ooukl be 

•tchecl by .. A. In auoh ...-. .... •••••• .. eaved u PHlllle vatuea for 

·,:~~·;:_ 

that they -toh) la to eetablilh the cooteKt of • tr..-•tlan - there axlat 
.; ',; 

butlt-tn functions tMt teat tt.... •• ., ...... '-' 1111111• ,..a1t1u (e.g., presence of 
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C1:, •· ,oonstanf. 
C2 oonatant 
T1 .. 
• ..;t ... · 

x atore 
y ...... 
.. goto 
• . label 
T2 add 

C1. 
C2 
T1 
... 
• x 
y 

• T2 

... 
···~·-;; 

OOMtant 
_.....~-" 
lf-GOto ...... 
ttore ... ... ... 

. ·fa"' " d~iltfJ'•· ,. '<~1 ~p:iifiitijW 
"8" <C2>i~ 
<X> <Y>• ' "·' ' ·-
<T1> L2 L1 
L1 . 
(C2> 
<C1> 
L3 
L3 
<X> <V> 

•a• 
<X> <Y> .~~-

~~1> ~ p 

<C1> 
<c2> 
L~ 
00 <Y> '·'•: 

.f. ;' 

flGur• 3.1 : Metchea for t•A ffollt fttUre 2.1 

sa.2.~ BultHn functlclM 

require more power thM .-,...Y , .......... M ll ·...,._nt. A cd on a bullt·ln 

function ..... the following folm; 

funotlonf.llTgument.1, ... ..,.~ 
" .r- ,· ~ :, · •. ~: • • 'e 

The uae ·of .quare l:M'acata diet~ 11•1t1 ·fulMton can. from ordinary IL 

companenta (which are reatrloted to the UH of "rentheaa). All function• return 
e ; . ':-~·r . ~ . 

a result (no side aft'ecta are poeelble); thl8 r~ can be used ..a the argument to 

another buUt·in function or, If the call wu part of a replaoament, become part of an 
• '~ • v 

IL proeram. The arguatent• to • function NY M wtttten •• either It °."' ML 

oonapanenta but they muat be able to be ruolvtld by the met-.merprMer to a 
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. . . 
.. . 

partlCular IL cl••ntnt {or:·. '1. etatetnent ••••nee ftlr -•st ftiftt:tlona). In the 

procua of ........ thta f..ct11tt tD Its •1•1rtta...Jtlle •••• JRily ebol't causing 
' ·~ - ' , :.i .1 

Ute ~ of Ute .......... '° , .. _; ........ (f .. 1 
.. ;tocauan Of the 

" ' ~·": ·~- -' '-· 

function cal (pattern, ~ or oon .. as). Tite ... ,,...._ for aborting a 

tunotton a. an IMpproprtat• ar...-nt. e.g.,· ... .. ... • ~ wrong type, 

cannot be ,.._,.Cl to a . .._., etc. For liMrtanoe. UM. adl' function llborts ff both 

oPet'andl are not.....,. tbat can be Int.,,,._. • n~arlc ~· 
~ ~. ' < ;',;: ·- ··._. ~ :;."'!: ·~.~ • 

~ wav et u.-...~'.•MW•hll ,....,,.. .,. dllM'itlif.~:IMllOW;. this 11st a. not - ,,;{ _.. . -. .:- ,. ,--..... ' 

meant to be _...te ~ ._, a .._Ing of ..- ·•••·~-~- fw1lon have been 

ducrlbed. It Is expecWd that .,. ~ wroul4 ••nd tlMa lat; th• only 

criterion ·for lnc1udlng a functtan 19 that It ~ oater • ,.;, _...,..._, ........._. or 

lltwel 

My IL cmponeftt II M aoo•tlald• arguMent. 
~ ,-~ • -· '" >__ -· ·-. 

11'e .,....._t ... t M • . tl lteral (I.e., an 
Cllll•.W, attri&Jute ,.,...,.., or Operand 
...... d In quotttta). 

The .-..•ant wt tMt ~• ._. ...._ can be 
~ u a ftUllbs (Le., It contelna only ........ ...._,.r ..... 

the ....... ~t ~'. .... - ,... of ••• wild 
........... i"~ ·•t-;lllft·· "l/lti.tt ..... 1£1itt .. 
. ••••no.). 

If the supplled arguMertt 4bls not have ttte fliOITeCt t)tpe, the metalnterpreter wlll 
_:-,:.;"»~ 

atxwt the applloattan of the tUnotmn and ....._. . • appltcatlon of the 

traiieforatetton In wtttch It ... , .... 

and{bOaleM ...... ) 
or[boot~J; 
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not[booleen] 

i 

the standard boolean functions evaluating to the llterala •true• or 
"false" as appropriate. These,,,.,.,._..,,_. ,._,,a>~ 
with other functions to form more OOlftPllc•tad expr ... lona. 

equJ.1[11ter•Jltw•] 
~ two Ill•• to .... If tl\._. have Uu,t --··~lonJ 
evaluatea to •true• If they. do, •t .... • ~. Note that equal 
c~ a. ..... ,,to ""411•r• two ..... ._uti.itltkf1aanta!"!":«itltle· can 
ueually be acoompltahed dlrectty In the pattern by uelng the eame 

, Vl«lfd oarcf ...... ~ ~ O_,DnWtt .... ,. '• · 1 ' 

conatant(~l 
evafuat• to •true• If the argument la a llterll/, •falee" oth•rwlaa. 

lvalue[componMt] 
evaluatea to true t1 ·the· •rtument ....,, ... ,. v.alfl 1va1ue. 

laba{/abe/.NqUenee] 
evaluate• to •true" If any member of the augmented klll set 
t•Rf...mttd b)' ~.,..,,o;~-- lff.,, ....... '. ,...,;~d'. •• ...... . 
contained In the Mt of IL atateaerrt ~ ...... Thie 
!unc~ date~ ...,. a c.a(W ._,..._ 11aM•d· tn ·an IL 
Statement .... ~ -'~;.c.-.. .. ~llt--~.; .. r~ ..... 31 tJltlwa of 
""'ctlona that •M4'.•· fl+ "'~ ••••••• .•:•lilltleo>ptQpertlee; 
other functlona that test for ~ In ..,-y ...,.,.oe apd search 
other .•t•teMm .-.. •~:bl! 1-1r.•c1•. .; 

add[ nu,._, .,..,,.,.l. 
aubtract(•...,.-"',,..,l 
1nultlply[numbel' .nu-.] 
divide[,.,,,,,., ,nu,,.,,.,] 

._ . ....,p.·~ ·functions ~~·the 1PPnipriate nu11ertc 
literal. In order to avald repr•entatlon ,,,.111-.,,•;~ llmtt 
may be eet by the Implementation. 

power _of _two[numbel'] 
evaluat• to •true• If the argwnent la a numeric: nteral which la a 
~ · .9f .... •.f•' ....._.... ·ARa .~Mff )le 111dul ·f« 
detenntnlng when to ohMp multtplloatlou ............ Into .a.m.. 
Thie . exa~ ,.,....,... . •· ,ttp rll/t fM;,dlltt•m ... wtieftitt:· ._ .. 1to 
ueefut artthMtlc fwK:tlona - a reuonable "'*9et •t be to lnclueie 
only .. ,...,•tl9nf ~GI\. binary, r.,,.enntetlllw-~6.._, ,:-. "'...,.. and 
arithmetic ehtfta, etc.). 

Cholcea of the domain (arguments for which the function wlH not abort) for the 

predicates described above have been made arbltrartly. AU that really matters la 

that the choleM . are conatatiht with· 1"9 uae Of the Mctlonl ·~',the,. tr•osforinatlon . - ~ - : ~ - ' .. .. . ' __ ·. }·. ~ -,.... ,_ - '~ ' ' : -.,, ·- - . 

catalogue. 
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A trww1114tton II Mcie ut of -.. CQlllPOMftta: • Mtt'-'R. a r..,1ec.-nt, 

Md a - at ............ ---<•• ....... L.~) ,.._ooRcutlona 
(a aet al PMdk>e•l Mlllldt M .._l(t·ot·• ~-- bV. fd9ntifying 

~, ' ·. " 

those IL ,,.. .. fr ...... - .... - ............ n••...... A ~ 

group of atat.-..nt• wltNa tile pattern fa ••'-~'ttd. u .._ _,.. - · theae 

at•t._..te MUat be ......,. • ttMty will IMl ...._~ lft _.,_ entirety by the 
~ : . 

new ll ....,.. fr_.1._ 1.-•11•d . .._ •. ..,.. •.••.• , .... OQAtext haa 

&teen vented'. 
n. ...... cflttN!la .. " ... .,...,. .......... ""' ... • plied: . ; . - .-. . ' 

(1) d _,......of - ............ --··=-fl'-1n ... IL ,...,_ fM..,.••-<~-.1-..). ·.· .. 11~ ... -. .- -.v• 
.. teMl4 tL·a•l1 .- ... ,..._., ........... ·• ·· 

• •f • { ";' ~ ,e • ' • ~- '· • 

(2) .. ch of the oonc1 ..................... ff ---- •tJorta 
(•ee §8.2.2), ..... , ... ttan of the wwfofmatlOft ...... Note that 
~MY .... "-•d .... WM.,_ - ~ ... ,..,.:elf._, 
arguwt; .............. wit ... , .......... U.'.tfeJJ•llWiiftf•)' 
ttwey .. t .......... (1) IMlfef1t ....... -1 .. "-•~ ~: '. . 

(8)tbe-.. -- ... •_......,..,...,of •••tn• tro."the 
Mtohect tl lfFlll'q·•h-. . . 

(4) th• r.,..cUMNtt .,.t M aucc ... tuly ~tect - each ln-lln'! 
built-In f\lnction .... t ., •. ev«IHted Without ~· 

' ; ~ ' : "'; 

If all theae orftwla ere aet, ·• ~ oauw--.a ;~· 18 8Ub~utad for 
' . .. ~ '~,:~.;·:.]-,_ . ~ 

the target, oa.,,..Unt Mte .,...tan·of the .....,...Ulft 
The te1o•1 ~ ...._ tU . .,._.. ill • w~tllDn In more 

detail; §8.3.2 outlinea how the replac••nt Is COMtructed. 

t .statetllfln~.f~,q~.~ott.d '>1 f• W~d.-. .. ~ .. ;t:~,,~,_ ~-In.a 
target alnee' theY cfo not .._.,._, .._. texfidif MfJlt•Rt •teatenU.. For 
•lmUar reaeona, 1• wH4 • .,. are ... ,,. .,... In -. apectlcatloA Qf • 
reptac9111ent. 
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sa.a.1 1'11• •Yntax ot a traMtormdon 

The fht a.ctk»ft ~· ~- PfOINllt ,,_..ht: wtdOlt·· .. .vea u the ·pattern. 

ttte· Meond. eactbt ....,. ttf9 ,.._....nt (1dio *'t\11(.' ·Pfoot'alll·'1.....,.t>. and 

the 11na1 MCtton ··cantafllt a _. or ooridltt&w'ftt • ~;'are nMcleci. 'tt.e nn.1 
MOtlon •Y be oMtttecf). T*'tet etat.t•••··~ ·th• pattwn are ··anc11cated by a 

Label 
... ·batt· 
• ·label .. ,,,.... .. 

• label .. 
• label .. 

... 
?dflllt'I··'~\·. 

. -~ '.' 

In thla.~ 1he"'trat ttne·-..••• .,.., ,... ...... ttaroet and· 

wtU tae r•aoect by .._ ....... .._.... ,.,laillttnt ..,. •'¥andotMaliOn''ll 

applied. .. n. .......... , ....... MtallMM:l ·bt":ttMr ~'"f'MI' ..... ind ·ttt. 

lntarv•nfn9 •tatementa) wlU be uncha1119d. The Intent of the ....,.,...tlon fa to 

uae the 8hort ~.:~for ttte ~--~~J~r-~.by,tha first 
< - • • ' • • ' -· -

three statements If the u1t•1ta dea--~·ROt tM~:~y-(lesa than 
.~ .·_ '·. . -~-·- .. - ~ , ,._, .· -.~:·-· ~s~~t~ ... ·~.-~;;.·~;:~}-,"·' ... -·r.·:'·-~·~:; ~ .i : .. : .. --. ··: 

256 bytea)~ Thie tranafom&t:lart .Cilllr .Jt41fH._ ·~. ,._._ ~ another 

Chapter Three - Transfomtatlons and pattern matching 67. 
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. . 

· tf'ansfonnaUon would be .nellded tD aooa••Natll ...,_ tft tfia other direction. 

Other potnta tD note: tlilt .- of -.1.1.-•·--- •-••~fy that the same IL . ' ,,_. ,;_,. ,. . ... _ .. 

.. tched fr.....-nt ...-t Mlve IDaa•an ... .._... 

With one ·~ _.... ·o•••• ot W. ..._. ·1t "°".,. fragment 

wt be aubauntecl tty ... •••••nt of ~-- pattam. The oonttlftta of the 

attribute flr9tcl .,. ••••t ftea ..._ oan .... n - •••• • ._ tl fnaplent that 

.,. not ~ tn the ""'"' ... •:-- .-.~ .. , • ., •• d ........... n. - -Of. 

,. wlfd <:•rd to ................... "·"''*'"' .,.,,,..,(~-·--- • the 

. replac.._.t la ~ --·~ • ._. _.. ••• ,.._,,_.c.,...,.., ._ Jn 

construc1tfon of the ...,..o•Mt <• .Ja.a.a). -~ ~ .,.. ~ 
transparent to a trwfonNtton; thl ~ _, .,.,.,,... .. .....w ·carHecl 

;,~ ~ . ~; ~ 

•tate....,;t •J•-9 .... ..-:~n1 ttte q(ra11•1·l1iiln•1-11t • ._ ~111ent. 
, ' . ' " 

'; 3: 
A MW J'ftllatl ·~-- ........ , ..... ~-aiin.._.;lt,,by ~ludfng 

an ••...-•Rt~· ·~·MM..(itlitiir~·~"~ilus•1:i~·~;..) In-~ attribute 

fteld of U,. ....,.,.._._ .etat-•ltt Ill ... ~u 1 •rtb~- "9-•1a1 .... :ft MarilhQ 

tnlnafennatl.A ,..., ..... - -••tA :of .. 111l11 .... .-... a ..... ..,..tlon, >' 

lnd,lc•tme ................ ., .................. :-...-i-- Wftfch .. .. 

68. 



automatically surrounded by quot• (to Indicate thet the new operand Is a literal). 

condition could be Ollllued .Mtlrely u a4cl ~~·-• --~•nta are not numeric 
j ' ·:: 5 '·· ~ ' 1 .. , ·' 'l,.. .•. -'. ..: 

llterala, causing the tr~~ to t• .. Mo.Ut Nt' tlJll. rQl.S mentioned In the 

previous paragraph wlll eneure that any attrlbutM ~ .. fc;N",,7dtS.;t In th• prlglnel 

statement will be added to the attribute ftald for the •""'• statement. Finally. It Is 
' ~- ''· -<"i-'°''~·-~i..,"i"';,~.~ ' 

~ • > ;i.,'";.:· ,. ' -< • 

worth pointing out that ?.1. ~ ?op2 do not ¥,~.~ to ~kale In the orlglnal 
... ~ 

program - ?op1 and ?op2 need only be a• to be r..W.ct to Uterafll when the 

transformation le ·appllect. for example, the •-...nt •..w <X> <Y>" would match 
_, ~·. ,;<_';-;;'•;.... 4 ... :' 

th• pattern If <X> and <Y> were both known to have constant valutM. These 

values would have been Mtabllahed In pnMou8 ~teatenta by Including 

§8.8.2 ec..truct1111 tit• ,.,.1aawftt 

Two .. ,;e~ •• prOWdect by. u. ,.....__.nt that .ftn• not been 

dlsouuect Pf9V..,._: •tlMl . ....,Mien of .. .., t~la-'{_.r....,...era In the 

program and the automatic h•~IRG fJf · att111:-. .. } t,.., . ...-y~,10· .....,.. ·an 

unused •ytMoi le nHe4IHf'Y when the transtor11111t1on. npands ·~ -~·. ~tt1Qtt1'1t 
•• • • ' :· '' .• - • ~· < • :·. ', •• ·~ .. ~ - ' 

Into a ..,. .. f//t naw ~ u tellparafV .6* --~-. tW ....,- ·atatementa '· .... ' " 

need to be ""'"'• ....... ht are not used •••wtwr• In tM prograa Atittamatle 
'·. ,. : '• . l 'f1~·:;Jf' ., ' ' - '.• ·'} ' .. 

hal'1Cllng of attrlbuta9 ......... the designer to Ignore •ttrlaut• with ~ch he le not 
• _, ~ ·...,, ,. • • : ' • "'1 ' '" ~ < .' ''- ' 

dtrectty concerned· and ....,.,.... ·that no attribute Information will be loat through 
,. . ~'" .~ 1. '··..._ ···~ •• ', 

' ....... ' ' ' 

an overatght In C01Rpe>alng the transformation. 

Whan expanding the apkHfCatlOn ht h'.r.Pl•~nt to 'arrive at .the new 

progranr fra~ent aJf Wud cMtl lllU9t lte e ... ted. · 'if' ttie ~ 'carci ~ the same 

form and n•m• •• on.·· which 'appeared in the pattern,' ... c'~9nt matched by 

that wltd ·card aarv• u lta v..U. tn th• "r.P~oement. ~ >IMtance~ applylng the 

Chapter Three - Tranafonnatlona and pattern matching l59. 

-------- ~- - .-~-· 



If a ? wild card In the replecetnent doM not correepond to ... wld card In the 

pattem (I.e.. lta nw la -.rent from any U8ed In the pattwn), a new lvalue la 
' ' 

created to be used u lta value. The new tvalue la ouaranteec:I to be dlft'erent from 

any '8ed In the re••lricter of the tl program. Note that the dealgner muat Include 

' 
any attrtbutea to b4t ueocteted wllll tM new IValue .. part of the transformation. 

If there are no WUd carda In the pattern thM,.., ..... ld~• •· ?".,_.a• wtld 

~In the ,...cwnt. ._ trwfo,_tlon ........... _._... blt<:applled. 

Attributes 

convert 

?t2 aubtract <?t1) '?amryatoww_bouftd 

?ta MUltJply (?t2) <?array). •:•lz• 
? r add (?t8). Ten-a 

The convert operator In the .nr.t line of the re ......... t w11J coet:Qe U... value of 

the Index to type •tnteoer• c ... 18.4 far a • ....,.. detlnttlalt of oonvCl(,tl. ?t1, '?t2, 

and ?t3 are alt new c.U. which wll be ftUMtCI....,... ttH 11.,,.,.matlon,J, .8PPDed;, 

?ptr. ?array. and ?Index wtfl be taken from the •uNcrlpt -~-..m ~abed by the 

pattem. Note that p•tlnent attrlbut• for the new oella have been defined In the 
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transformation. The attribute ddned In the tut tine of the replac911tent Indicate• 

that th9 ~ of the velue Pokm,ld, to~ .eay· "Pptr ts· ttta 'Rft, ~ .~ ~. Of an 
. - . ' .· ' . ' . . ~ .- ,,. ',. ~ '.' . - . '" ·~....: •, ' 

~ " ~-

The folloWtng rulee are used In eet...,... --~-·for .._.nta I~ the 
.~~:J".'' :- ,, 

replacement: 

1. Every attrlbllta cldlhftlpn·;· -ttte ~, •• , ..... w11 .,_ OOplad ta 
the •ttrltUte field. of _.. atateNnt ln,UMf··fi•taa•llliAbv tht 
Mtalnt•eter when It llPPll• the 1'WflW alfJJ, ~ ....... ail::ile' . 
the ...... t ohoMn In the replao1•Mt tet11• ha•"•( .... . 
label u the de .. lnl etatewt In * -..t .,.;,._ -..;·Mtj.Ull 
any cmr..no. .. far .. c:tetnlng the ·~411 .... ........, wt·lf' 
~--~ -"~~l,~~~.cDMtL9f _tla-91'1~VJf .... lb .. nt. 
atate•enta In· the repllac-nt (the .,... te ......... cOllpletely 

::~\JZ"lA~~.,..·~ ~-~ .. ..,,..~~ ~,, 
2. If •~ i ~ WoUrd ·..aun: tif a'~ ,.ftrlbute 

=~:..,~u:r.:a~.Of ""'·~~! ~ ~th 
8. State'liant ~ ... ·ar• rtever •d' m'·h -~~.-rit; .·Gnly ceH 

attrtl;Nltea are. updated. 
; • ·"'· -.~ ~ .. ~'.~\,{ ·,' '!"<"" '{~ ::..., ::,·,~ ··' 

Rule,2 .,.ur .. that onoe.~~··~"·~''"' ~~qn,to;llaln~eln their 

orlglnal value (I.e., .-.ttrlbutt,4'~. ~· ~er..a) •.. 
' ,:·, : ~. - ' .... .,. ·: .i . • ' ~--

§3.4 !Ump1• "~ 

th• ftrat ..... .. • traMfarmatbf Whlcfi ~ the coercion operator 

used In· the aailpte. eXJ>an.k)n bf ~rlpt "' .. ~. :"~tion. ::<'The convert' 

operator coerces Its argument to have the type of deettnatlc,VI ceU; It auwnea that 

·.,' r' 

Chapter Three - ExantPl• transformations 81. 



... tt:...... ..,.a[..,.....:i,pe,? ....... J -n..1· ?l.2 

.. • ......... ' i ··:•ti· _;,;·'. ,; ; ?reeult , . ..._. ~ 

.. ... ?La 
• ..... 1lZ 
• ,, ......... , .. ·••.rl&J•••--.PtaU1•1t-Jt:1Wt. _. 
'~" 4:-~,·~:~~'"i_:,,d-d.::~r, ::~«~~i-:· ".~.<~~~ ,_:: ~-:.;~;' ,__.~i'"·' 1....-· ~,.._, , ... 

. ,...., ·.;; 

ft.A. ·' ,,, ....... 
~··· 

It le e~\'.W ... d""' t.tilaf ...r llanall:;.. .-.,.~,t,1J:•f~P'J'JI•.. .... Far 

exMtple, If ?: ..... i!N"J!~tif•~ tind- ?r,u,i~·J~,~.J-- .,... • .,. __ ••be 
reduced tt> • ·~ ._11i1t _.. ··i,~;lt' ..r;~J~f!fl:'.Cgl1t,,1i;,~ ~time 

avaluetlon of-~.~~ .8Jllce. ~, .... :.~ ••IJf,..,., ·"'f 'fM•9f:un1~(· la 8'1li•l--~ to 

the tacit of any·•••"'- flt• ter • r111hlla •._.*~~,.,~;It wu . 

.Watta1tit.w•d •:•••Ii -.. ilii/'tli' ····1tftfllbltit'''ail~&it b9 ..... Ii 

.m.er ?llf9:t'JIN • ~ •· ••• • r1··c*iiw~a~'.lif(iJ..·'~ t1te ... c,, 

COMIUGml, tt MIUld be p111l:te tD wire._ ....... fgg1Jfil~t~M:U\·~-..,"18.:·..._ 

~··tr·~-~ ....... ~ .r,,.,..,...,.,..,,ftfl~-~·:...-it of 

~- , ........ •:·~"'"- ...... Ir.,,~,_ '~l''l'l~"~ ..... --
reduced. .. , . .::} 

operator. Unllk• ttMt trm1-..a. ..,_., .._ Mcp•Hl"'8 wt be done In 

..,,.,.t. trWfonitdw,._ ....... of tile .... ., ............. t. The ht 

~ becw a. d81lltlwttun le • ~ ••ud •••PDMIY end the value 

t The ALIAS aparator, Ilka ....... p,_. •• lnfmma•t a ..... le Independent of 
tbe 1low of control; llr•Jt II CMIDt PftlVeat •..cul11t• f/I tile ........... . 

Tltua. the atratetY ------- ............ , ··- - ...... . 

81. 



being atored ia already contained In ·an accesslble ceH. In thl8 c;aae, all that needa 

to be done la affu the temporary to the eel alreadY contelning the value 

(efrectlvely renaming an occurrences of the temporary to use th• cell name). 

The next .two tr~~ tr~••• tbe f:;Wr8 ~~ .'9 .th~, . .a~ate 

mac~ Jmp~~:;.~ qn t,he,.tyRe qt the, ~ .. , 

These two transtor.,.tlona •overtap• the tQt - .~ fra~· •tchfd by the 
. " . ' ', . .,,,, r. : , . ,· •'. . t . : . '·''·j . , · ... ' r·; . 

ht ~ <~ aled'' b9 Mfeti9d by on9 'ot:ttie other twO ~fQl'tllatlona. 

It la up ta the 1Mtainteqaretertodeclde wftlOta,.of.tfW-lloable-~ to 

appJy; »,...alaly . ., , .. t tfanafpt'•~ wll,,.,_n~~ ~· •••...

of ~,I'.~ •. of ... tlML~ ~··1"~ ~.Jr~ "°9111_..,lllt• 
' 

store etatementa whose source and destination have ~ ·tyPe&,.·, 

Label 
?deat-. 

?t1 

1·· .:. 

Chapter Three - Example transformations 83. 



§4.1 9 &11•b a I )JI' 'Ill . lmu 

.flill -'' • * a• • .. .,._ • tbuf 'W •dlid t,; iillf._.- JW•••nta • 
oatlll••• w11 ,dftb211a · •••24 ._ w·1uU:in _, ·i.~"'iJfnlplll:' ..... tftitar.cl 

'9 - ·l!l•sdld!lll, tllr • Mi $16: 

A 

• 
c 

A 

• 
" tz 
c 

! ....... 

l ltl'-1# I . 

....... 2 

Iii·~·•• n 

... 
., ... 
'T .· , ,·_. ....... , .. ·.,.;;~'· ' . 
• ca . 't•-S.• 'lui•u•, m>J\11, ......... ,~ 
:'·~,,: -....11}g¥Q .. W1,,<R>'t•1¥J,.S1t., 

, 
, , , 

1!IMt ..,. ._ • .t ..... .,._ ,...._ 111 • e:· tfihlmilil' \beta 1
• .,. .... ....,.. 

...... , .......................... ,.;_.._ ••• ,,ii. "' .. 

·IMlltllilreMtGll ........ 

... 

...... .. •· .," .. 
~ ... 

1JitlbJ 



addition and aulgnment; the order of expreulon evaluation 18 constrained to be 

lett·to-rtlht (no reor'derlnO 1s anoWed); a11··~ ·are; 1 ~ tiio·~ -lament 

lnt.ger• (the aw tor both the 80Ut'ce and .... .....,.,.): · 1n ;examlntng the 

In the trwlatlon: r5is __. •• u.-,~r~l{;-.. •. J.P9lltt•1 ~xtemaJ varlabtee 

are referenced by . ......, -IOcal · (auto•atto) eterll6~-::flji ::liiaclce-·le docated from the 

Althqu.,_ tt. la 11a1.•1 w Int--~--*• ...,_. • .._.artct,•rtve 

• tr ......... - ........ ....,...... ~- "'"'""" ---~ .... J,,..m,. goet of -

v...-Mtiona a to M -..llltlve. Menrf· ti ._ ~ ....... UOM. Nlow ...,.,y 
' - - I . . . ' 

·~·•"·--•--·U.t r•••:•e•1111111111,~.••dPllln oti.-. nt.,..u.n. 

8114.,~·-~····· .............. ~, .... i'r....._... ........ ,u. 
' 

wt ·~ ~-··· .............. ~ ......... ~-.. fJt•Mhn· "' the tnal 

analyala, .a vanafonMtton ehould be judged on u.. Information It .. w.-. Mllf;1.18l 

how close It COMea .to •t11e.w-v-1t . .-.. ~:~~· ..... . . .. }. "-, :.~L : ::: 
The approach adopted- ·filr t1H1 1.•arpnlzatlon of the ·~matlona la •• 

. ' 1 "·~: ,., ,: 

follows: th• I~ .. a _,,..,.. __ . .,_·.-. P"Wl9~t9d •···~-- '• stack 

archlt•cbn. tlt!ft ... ·thtl: 1'~ ·~ ........... }!~- ·~~ ~to t~9et .. machine 
: ·, -~~ ~7 ~· i.>>..t . ' ": ~£:i"" '' _J: .~ . 

Instructions. Optlalzatlonll -~•-~~····~II.tat• Progr~ : aampte 

high-level optlllltzatkl"f· ,,._ deecia..t -~-.J~; ·...-: ~z·~·· In §4.1, and 

Th• first group of transfonnatlone ~ the proceaa -of storage 

a11ocat1on. An •oW..t• i~ .. 1.1 · ~o•("'·W •uto.atk: va'rtab18 ·•orwed 

Chapter Four - Example: a ndnl-tranalator 96. 



hlghMt aw.et ................ Jn °*1*:tlna ........... alocatM for th• 
* . . ' ' ~ 

to be a aonatant .t.ut 1111 Wilue hM not yM...,___.u•lll :.,..fMt•tu•ill1nt1i'I 

-. ---••rot,.....,... .... .-..t taf tlW"•-"*•••• . ...; •. ..,.. value 

IMlo&tee - ............... -- fcW: ..... 1J1••· '•:'ftlflr 10hlit&1lt' ........ .. 

...... .., •••111•11r:aM .. - ....,., .... WldltlMlllWbt:• - ........ lft 

aatJIMIR• .... •1t1t·t1tttt•1 ......... ; C••1ni-..•1tbtdl ...... .. 
·- -· ,. . ' ?· 

~ ...... , . .-. ..., ••aolt••'--- ........... _. ... ~...,. • 
.... of -- ....... " ... .., ......................... ., .. ll ................ 

......... 
. t"atat 

OO•m1M 

oant1t11n1; 

The two tranaforrMUoM _.,.. ftandle --~ ,..._.~.,__ ,-;: ~ v.....,.._ 
C " ' ~ • : ,•c,' ·~, "' ; • ' • • 

are aaalOfted otraeta, extemm ~ are, ~ ..,... In the ftnat 

tranaforntatlon. o1'aeta are DrODaaated wtth the aid Df a a-..nt atatewt that 

... 



Label 

A 
B 

T1 
T2 
c 

era tor .... 
enter-·· PR~ c.medt"' .. , ' ., 

comtnent 

glob.t •• 
conunant 

...... •1• 
ualgn. •2• 
plus <A>' <B> 
plua <T1> •o" ...... <T2> 
exit PROQ:etorqe 
COllllHnt '" .... c t• • 

<B>saln•2 
O:o1'a.-2' 
<C>:elze•2 

_ ...... ' ., -·· 
Figure 4.1: ·Sample program aft~r idactar•ttan'.,_~. 

glvn the current otraet. The a•.tat wild·.~ _.,,match onty state .. ent 

MqUttl'tOIM tttat clO not' ·contain ' .n ' •OfrMt" .· attitbute 'ili6lftlori or •C..Olirat1on• 

oper~tor In 8Y'·atatewt (ttlla .-UMb11ll tlllilW•lf 'W':• ~ · Note thet 

•ttrtbut• defined for ttte declared v.,..._ wll be .._..tloally copied over to 
;·~~~$~tj('I'. _:~ ' , . ., \)' ·. . 

80lft8 replacement atat-m (In theae· c ..... there le only one). 
' ·:, , . - ·1~;·: .f ·.~'. ~ ;·:·· .. -. 'I 

.. ( . . -. 
ca•••nt ~ :............. "'''' 
9nd ?name 

Thie trwfonnatlon tulndlea· b1ook exit aft• ..a •••''"""'"' Mve been prooeaeed, 
:-, ·~.".' . i -·· 1-;-. ··--:~~ .\-.,. ~~: .. -; .·' . 

. ., ! / ~. ''' 

(?name:atoraga) for u.e during blook entry. Tlw.:"~ ~ almllar to that for 

automatic vartable declaratlona. figure 4.1 atMNa the IL program after theee 

Chapter Four - Example: a mlm.tranalator e1. 

----------· 



..,,-, .·.,~••stn1•·, ;'' . 
••••••• , . ,,,...,,,-0 

., ·~ . }NI .... (ROR1 R2R8M) 

········••at• '; A:Mf:•M."'••atl• == . 
....... ·• 
oa-•• 
....... ..... .; ,..... 
pop 
puah 
pU8h 

•dd ,.... .. · 
add 

oalwllftt 

.•1• 
~ •r 
(9) 
<A) 
<1D ..... T1 ftVptlat1M11..., <T1 ):typ.-tnteger 

r:.,· .: ~--·~·\ __ ·. ·~-;~::<Jr~ .?'~--~-i· :: 

.rr·-

,....,,' ,~~;~_ ,-.~rt'.: },,,-

,.... next two tniMfOl'Mattane trwlete ...... and ........ t9 etack 
<' 

operations. lM ~'kl U. _.. .... :.:lnatullti t•Wo:tlllit:',.,_and ftekt 
! .: • - .•• ' 

generated. 

... 



Attrlbutea 

,<' I , 

machine oode generated .0 tar. IOth tran91'0nllattona itilprove on pop/push 
~ - ,c • - .• ., - ' 

,,.·~ .. - .. ,,',.:1_: .. - ...... ;~ ·>:.:' .. ·~ ': ~·:':>·t,.' 
Instruction pairs tllat haw· klel1ua.t op...,.! -ttm .~ ~tlon allmlnatea 

whoea argunutrlt8: ~ 9'.W.-~118 w • ~ :.~~·-·' tlQP ;·1tf' ..._ etack. Since 

te•por.,._ were ...,111,•tecf··W-... -.. ~~ and df ~ r~ent uaer-vlelble 

quantltlea, · they 11ay -~ ~t•d ·~,~:~w~ · ·· :~• 4.2 ahowa the 

example IL Pf09r•M•tt.' --•tlon'to~' ...... ao ... a.} · 
~ ·, - . ,( ': 

§4.2 Col8plllng p~ tit• ..Chine lnterf•• 
, In thla aectlon, we~ ~~I .. ~,tr.,,~~ ~~.,-~ -~~- fA>.: ~~9 • .-t 

machine prognlll8. The ht set of trana~~ are a ~-tl"a~latlon 
- - . ' 

'.. ,·, .:...;·• ~)? ·.:. ... ;;? . . . 

of ......... tpap: .. ·~. ~ •add" to, PQP1,t··~:· lbfi .• 1n byt• 

and numb• Of .... '~*-'c~ r~ ;, .. ~ ··:·;;.~ ~ .... ar• 
• ·. ~·. ' _. .; '.-·:it 

~ ';• r-:-,: '. . "' 

- Indicated by the ~alze• and •rafa'!' attrl&MatM.'1 .... .,...-.:::· 

Chapter Four ..;. Colnpllng paat the maChlne Interface 89. 

-----·--- ---·-



~LMml!!: Sl.£2~1 
" -'~ -, ; ... •" 

Jnltlal v ... tot ttte -...• and....,..•~ •·ftiOt bllctt .. incla Into account 

- the operancfa OUittllNtkN• .. - tncluded -- ...,. .... trmi8ktttd tD ..... 

. 
The next arouP of trMllfanlatlana ~ lndlvtdual ..,..,.,.. Into the 

appropriate ·INOhlrle addrMH&. Raad that re 19; . ..ltd a. h I»-. ·of tr ... 

70. 



• ,' .., -- ~ ~-;;- - ", -·~-, - _i - -: ,., ... 

··.-t 

Attrlbutu 
?retor 
?rator ~ ?rand .,.after 

oondltlona: 

Label 

i .· 

?•before and ?•after: .. are ~ wlld ·Oarcia··ilpd to ~t any component In 
. ,. . _, ... . ·-

the operand ft91d tttaf ~ 1lif aorrect ._ t•-~ by # · rwfntnt component 
- ·,,.·-<.-

In the pattern'• op9reJ.td -..di.· •Note U..t, JIW; .,.alftoa- 9f "atze• and •refs" 
- -· - ... -' • < ;'. ~;·; 

attributes In the pe~ .. ......,. that ~ :~"'-~·~' only be appffed to 

machine tnetructlon8. ,..._;4~8 ·~ ~J~.~- aft~_..,.t.,., of th••• 
. I , . " . . 

tranafonnatlona (unu99d"~ t.ve betlft 11•1~ tot:~). 

Th9 .... .....,.,~"~ ....,_ •. ,_.. Q8tD *9etack (a 

"mov" Instruction wlth a uaond .,.. •• nt.of-'""{ap)")talaued ~--.Ntructlon that 
. . . ' ' .·.-~~.:.""·~~·,:·:: ~?'')"'( J ·:.-/;: .. - l. 1 ~:.:~ .. -.:, :. 

pope the atack to g41t·tts .... operand (a ~tlon ..... a ftrat argument of 
!''. ·';. .-'·' ·-~ ,,._, -'~- ' 

Figure 4.4 ahow8 the etrect of thla single optllllzatlon. 

Many other machine level optlmlzatlone are poeelble at thle point; several 

zeroes In Index expr•alona, ell•lnatlng addltlona with a zero operand, and 

Chapter Four - Complllng paet the machine Interface 71. 
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72. 

--,.,. ..... .., 

= mv ..... .., .. 
·~ 

.., .. ..... .., ..._, 
lllDV 

Md 
add ,_., .... 

~ 

'.7 ~ 

•• •·· ........... 
• •1 0(1'6) 
MH•· ,, . 

O(ra) -<•> • W} -(ap) .,.. ... ) 
·-~····· - -~ .. · 

·~ :: . ,.,·~i 

.. •.;. #.·F ,, 

",-_.:.'· :.1111 r•;• 011;:1, ... ...... ,.....z 
.ti;..1'(.p'{;. :·;J!-f ....... ... " ». •11••· ..... ,, . , .. , .. ...... ............ 

,,, ... ~ ........ _, .. 

..... ~ .. ·1•r•·tetP4 . "'-'· •• '.~~ ..... ~""~'·· 
:to.,~b ll' ' 



elmlnatlng unnac ... ary llllMM. 

comment and attrtbutaa . ~~ ... 08eA·· ~-~~,;.llnd.:.1':'·~~ -1~..-c•• reaotved. 

Obvlouaau addltlonal tr t HAna •1111~ i.- .· •illilll ..,.:, Mniile ttmlz tlon · .,, ,. · ~~~, ??5" ~·'·'?L!H <"'.' ~=,:/ op • · 

opportunltl• that aria• fl'Oal ~ tr~I·~· ~ ~ ·~·.t~!~, .~~ bulk of 
; ~· :~... ' ti!.:rti:: _:<:~ . :<~Jtt. '-t.. -·;~"""·' ' ,. :, ' 

the tranalattan·_. ..... ~-d-.......... ~; '. . 
-~., '·,'•, •. ~ .~ - -·..... '. .~... . . -. . : ., . ,_ '-'';; . 

§4.8 Interacting with tlle ... talnterpreter 

n.. 'trw~atlOn. ·.In the pr..,;··~ dealt - the tranelatton of the 

lnpUt progr .. to ·• tar~t .. chine. p~~ •. lttte .~ to th9 awntlca of 
. , . ~ ~: ·~;J···,-·- ··-~:·-~-- ·-~;z·:.( 'J:- -~ ~·' 

the lnltlal IL program. for the wt p.-t, the ~ had only to chooH 
~ - (·• .;,it -}f} ~~i.~L '; -" · • 

which tranafonHtlona to apply - · thla teak. wu ...- ftdfty ...... for, ..; alMoet 
"~=- ·~'.) ~·~t.=i}::.:· 

every cue, If the trandarinatlon'a patt.n Md ~ w• ••t. It waa 
' ' t • ' .,. • -·> .·>:J· ~: «·'· : l ·,·~ .. -f;!}\~.,., }', !:<}r~}~.:,' l·. ;';If~. 

appropriate to apply the trensfonlNatlon. Thill MCrtlDn ..,...... haw the oapabllltlu 
.- i'·· ~ .:.,,,_·•:;··:· ,~~·:··- .. ~;¥H-·,. !-

of th• metalnterpr8ter oan b9 oaffecl Into play to lllpnwe th• cau-lty of th• 

reaulttng tranalatlon. 

The flnat exatnple axplotte the metetnterpreter'a Hiity to perform certain 
Yi ,·1.tnr.!Ji1-:~.-..,·1':':;~ ": ~ .. , ... ,"~~.-·~t-~ 

computa~ at Oo.pue· tt.9. c:.•der the Mdltlon or the fallDwtng trwtonnattona 

to the catalogue: 

73~ 



_..., . 
tilift' ., ... .., ..... .., .... 
MiW 

,,... trw,___ tell Mw the ,.,..... of ............. •#acted by the 
~· · , . · ·-~:~ ·-.. ~--" .;.· rr: >- ·; .:-~·-, ~-4---~;:::- • 

... far .... ..,. ....., be UMfUI -- ,.. ................... (........._the 
. :. t-'.-~-~-- _: :· -;.:. :c:···!~~-~-~_.~.:~---.: .... -'t:, --.~.~'.-· .;-/':- - ._;·:· . . 

aeoond trtDI~ ...... llllt II I atwte ~ ~ ... ~~. '821~,I~ ~ 
- :~ >-- _ .. _, :: ";·:~: .,.___ j!·':'•;_(~":'.,f'.f'#~'<-;, ~-·-··,•{ ; .. ,. /, ··--·. .- ~ ' 

_.. weutd w11•d at 01rrl• ... ). Tile lrilt•FY tMndl flf .-. • _....,,,. 
.. -.. --~- ·"· ~- "~;~l~) '?.~-'~ ·_t :- ·~"''"''' :· 

wautd M • ...., _ _... .._.,. In .. •at111111.,...9'ra alllMy io ~ 
:···~ l .·~ J'i; r , 

........ ··---- to ........ ,,..,.. In the .. aectfon, _;;i:-~··:):'~{~*-·: _::,-_: ~-· ; >" _'.• 

AaaN8UltoftNanew1t--..-. ....... ..,.....wbe...--~abowntn 

..... 48 (19dllte ,,,,.._. 42). llJ, . .rl18_,.,lf.l!IWU ... Wtilldl lltm.:111 .. n. 



Label 

A 
B 

T1 
T2 
c 

eranda Attributes 
PROeietorage 

global B 

comment 

aaatgn 
... ion ...... 
.,.lafl .-..n·· 

•1• 
·~· •a• 
•3• 
•a• 

ofraetaO · 
A:type.autDlnatlo A:ofreet-0 
<A>:t)'peelnteger <A>:atze-2 
ofraet-2 
B:~I CID,"""'"'..... (8):81ze•2 
C:~tlc C:o9Mt•2 
<C>rtypelllnteeer <C>:atze•2 
offaet-4 

Qit 
"OOIUleflt 

.~;.-•a• 

Figure 4.8: 8alllpte program after declaration .traneforntatlona 
:;J ... .:. 

Label - _ ... e _'.t::,_~ 
..... ...... ~· 

IROV ., r6 ....a ....... 1 
~ ..... - PIOQ:.--..···· ....... " ....... 2 

global 8 ,.., #1 (16) ......... -a 
mov •2 B ....., refa•4 
tnOfl .. 2fr6) "' .; ....... ~ .... 
add PROG:atorage ap alzea4 refa•2 
O-ant " 

~ . .-. .. ,. .. 
..!. ~ 

,.-_;-

Figura 4. 7: Sample Pn>oram after optltniZattOna of §4~3 

to aubHquently uhuaed temporarl•, the trWtonUtloM of §4.2 can produce a 

program ldantlcal to the a•elllbly language Pfl»ll'• '8aven In §4.1 (aM figure 4.7). 

Chapter Four - Interacting with the metalnterpreter 76. 



~a•Hn,_ 

!5.1 · •-••r 
TM ._, ...... ~ ~ -, :~ ..._ • clw•lat'8 a f1,~~qrtl ~ can 

'"'• ~~ . . . .-, • ~~ -.• tP, .•. ' ' . , t " ' 

be ..-.:fn·•i•••i1ilrn fJI «·-...'j>w•11Dr ...... ...,... ~-••L,for1thle 
~ •.:" ,~ .. _ ... ,.~ . ·. 

ft'-8WCll'k w tD ... ,,., 'a •nw .-':_;if:ililh,ll1'i••.!'~itbMa~ *- the 
' -,-,>. •-~ ~:c·,. ~ ·: :., . .;.\' " • ~.- ,~~ .. ~.f:,;".:.·;~;. _,) :. ' ' 

. ......;., of tlle _... ........... tnHH whla a11Malrltt1 h .wety tD ttnNluce 

,. ........... ,,.- .... __ .. __ ,~ ·~-.,. •• ...,. 4 

atep _..,.. ,..mh'r!l·-.P& MM IJwtc .-.r 1'i•llg!Mtli•t••~ - .ayateM 
.·;:,' .· '\ . '.:.•":' ;/; '~"' 4Qt\IJ ; ' 

ar• 1n neec1 of r ArNlw .,.,.,..,. ...,.'. ...... ._,.,;,_. ..,.. .... that 
' . i~ . ~ :i" ~:f:';f~ .; < 

--- •••~• W 4 I .......... dHl!lll ............. fJI UP ~d .,.at•• le ..... 
-- / <> ,.,,:~ ~ --~ : :· <r.X~ :, 

oa•pAf9d 1D ..., •• ·• I 'I• ................ ••~v.. rN•lotlDI• on 
' : 'fi.l +- '• :, ; '.. ,.ii!,•.;':o" '·' '~'i '~;!;,:; ·: 

Ule ofw of 'I .. llJIR:fllltM t1• .. ...__lie •HIMFI 11111111: 
- - ,,_ - ' . -·-~'· .,_ ... -. -.~ ~-~~··· -

CMpter 2 ducrtb•• • ••••al,,....,.. ,..,_.,.., ,........ ~ on a 
• , " ·~--:~- '-." -·:,.::. · · '.?;.i ·--~~<\~-J~:-:~r~ ·~ ... :--. >:at-.-c ,, . 

......... oa••an tD a wide atw fll ,,..,.,, tlMt .._ ......._._ a..cem tow of 

0011trol and ..,.ag•••nt of•-•• Md valu•· n. •al•~,_._. d11pd to 
, . · · :-~~J~'f-~~ .. ·,, '" .·--~~:- ~ ??··. " _ ··:·T:\,-"_lr,;-~~-~·) :.-:ii-~t1fk~"t '°f.'-~-:""'·-·.-~·. ·~·.<·:~f-'.>·, : .. •oe lntar.atlaft llllpartmlt '9 ......... lllW• 8 I ta . lf•f:9 ~. 80 at, to be 

.' '· __ : ;_, ,. •" \. : ~~,..-.··-··~ ·:~ ,{ '. . ' .. ,-.·,, .. ':~,: . >:~ ;;;.;:s. ~,~tf.:~ ,;,_~_! t:f~,_,.·. "';;;,,:~-;; •ti.~f~~:· '··~ 

the e1feot of wit ltt8'181Rt on .. wit.e of verllMll OM M eully determined 

from the ........ ., ............ In ................ provide ...... ... 
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~'- ·'' e , • 

a1towa It to be referenced by the tranafonnatlona, .,..ming th• translation of 
' 

atat~ to be ~.·fn ftlNDnN aa.aett:1>....U•fr'Gf,1tte .,..,_.or 
~- P....-nwel-... ~ 

metalanguage In which the lndlvldual transtt1e MDI .-!WltttMt i.~,Rf111t•nttldo The 

metal""tlU~ -~,··* ~ w ,.,,..,...,c1u1• fofdl .. ,....._. tNgmante, 

leaving·~~• ~'.filMPllQtttM"......,_.,,the~MMIJf wild 'Carde. 

Each tr ....... taoh ~ lw, 1Ml tt'09f.•h.fl11R ............ ): ., pattel'ft' that, 

alonG with a aet. of .~ ~-:U., ll:.;,MJl••"._••1• w wblab thtt 

transformation can be applled, Met a replacement that telle how to conatruct an. 

up~ated. IL program, Ntrtn, ~,•.n1•t··-atlow.•.i·---•··'tb" 1Wte· Of the 

metaJnt.._ .. ,., ~', .._. ll , prQ8fW·1~,..-,< pedenp ... eome. · almpte 

compu~. on liter •. ..,.~ ~.·•-·,,,_._- . ....,.IQ.cm.tructtno 

the ~ac•-.em an4 ~. ,The ._..._<MlllrkW.a.ettt a trwfellnattan. 
I 

8"Cify-. ~1;Ual ~. ••·-- ,...,_.._. ••. -. .,.n:aatlc .fera•:of tlte 
I 

matcbtld "~nt. n.<.Jtnd9 ,.,... of,lftln•t.flt11t~·•lllMBl.:tD •·tnnatennatk>n 
·~I- ........ ntk;s .ef. ood• .., ... tton .• •·••.-ct - ·-~·tap: 

Chapter A p......u a•etof ........... ,......._ ..... ,. 8'8atftcati0n for 

tr...-.~ ',.a ....... tary ~- ..,..._" 4e .,J111 Wile· •••.,. language. ,. 

augCJHted In §1 .3.1, the tranaformatlol'-.·, .,./.,....,., : .a:.ut the· uee of en 
I 

abstract machine (In thla cue, with a stack architecture). The lnltlal tranalatlon to 
, ..l: ' '-~'~·~~~ ,: ~' 

stack machine Instructions allow• •veral optk.izattona to be acC0111Pllahed that 
i 

-/' .. ,·. 

wouid have otherwlae been dlftlc"'lt (e.g., the f'MIOVal of unnec ... ary temporaries 
. ,.-~-_:·-z; i';-·;1 ;>~. ~1 ,;" 1' 1-"I -;:,': 

lnaerted by the 11rat phaee, Of the compiler). Several trarwformatlona that allow the 

metalnterpretar to Infer the run ti•• value8 ot' the vwlablea and aubaequently 

Chapter Five - Summary 77. 
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I • ·~ 
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. .,,.,........,.-,.·-··:fllr;W.:1•1111·• ... ,·•1•111•1.,.Ct/&f .. beeft 
- \.n. " .. ··,·-~,_.~.:·'· l::.' ·10 '~~~ .. - -:'CH·:~·~ ?· ::: -·! ::~-L~::.Jl1°.i,J f .. :·~·L\,,~ :J;~3~~-\··~ -: .. ~:,,.,~ . 
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lugr11 ...... tar9i;t· ••11111 ,.,_,,.u._ I , tk•t:"·- .... 11Mt 
-~,,_ .. ; ·.:.· ;,~r.-~ ,;,:,,ft' i~ ,!1:;~:- • ·: -]i~':L:l -"'liJ ~~~-· ~ .. ~{:' .. _ -·.r;,. .'}.~I:".~ 

""a11111•a1 ., .., •1111 o.,,1•r·M .. ._._.••Ill: twNlll 111111• .., tlDw 

~ •11 .................. , ... lllllld wllt1111•,,,, •• ,."·"~-...... ~: . .. , . .' .· ........ .~ ; . 
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• 'b'.,.latlon of attrllaute referenc• to their correepondlng valu• 
wherever PQMlble. If any unreaolved attribute ret .. nc .. remain 
after ~.pl . .,:'1~.IJR .... 1-.:tMa ••_..till .......... ;, 
ehould abOrt, .lnClfcetlng. an lnoonalatent IL progr-. · 

~ ~. - .' ' ,.,»1':.~·~:" ;·-, \ "~' 

• *Valuation of bunt-In. functlane. If a fUnctlon applcatlon abort8 (e.g., 

be~ of :""?~ ~l. ,Jt a.: ,..u•~•,,,,•••••*'•'·•rr In tfie. tran.latlon. ,, 

. '' ' i' " ' ' ti":J ·:1 ' ' 
• prai»agatlon of · rvelue lnfonlatlon. In ocmlllrMltlDn with ct.ta from flow 
.. ~~~ ._tt, 111 ~ru~!lt'g,,~ ~-.;:·..-··••llldtii --~.,..,ala 

repreeentlng the known value ot the rvatue. 
;..: ~-

• appUcatlon of a ahollen tranaformatlon. lnfor9atlan obtained during 
U. .... •tot) ot, ... : ;f~ .. •: Jng"tllMAIJPd:P*9 ·:hi:ftlPl••• ant 
ap4Mffoatlon (alane with any ......-. .,..,. •• ) to create a 
r•~ .,, -·IT~~f,,... ...... ,.. .• ;~IMt--J·•tJaUrll9 1l119;·•· .. 
cdnitiuctlOn Of tt\a FeplUement, wv of ttae ....., bookkMPln8 

::r..::·!':r'ft~-:.·,:--- lfllllH .. QJtll9f1 ... d for · 

Two other taaka fall In · tt.18 area: checking· for t~atlon con~ ;,.d chooalng 

which tl'anaformatton' to apply next. 
11 .a.2 aut11n .. ' how to ten when th. t.....etlOn la complete: a meaawe of 

i 
. . :· ~-\ f ;., , ~ ,• • ' , ,, 

the progr...e opthftality la Oomputed uelng ~ fonlula (In .. thte o-, lnvolvlng the 

v..U.a of ilttrlbut .. ueOclated wfth every .... _, ..;,;1~d·t,y the uaer - ~;the 
'·, 

calQulatlon aborta becauae .,..... atatameftt .,;.. . mt have the appropriate 
I . . ·:.·•.:'.Ii;' , , , ·' , 

attributes, 
1 the appllcatlon of · more transfonMtlona la caU.d for; If no more 

'. 
traneformatlona are applicable, backtrack1"9 aa ulled for. If the ~uure can be 

computed, ·It la used ta r81ftelllber the b•t tr...aatlon found to date and the 
' ~ , ' 

metalnterpreter backtracka.· to 1'nd other 'b'AMlaUon.. · S.cktracktng lnvolv• 
{! ~ " 

undoing the IMt .~,..-~,.t:-.lyjnsi_...,.., . ._. .... tlon 

(repeating for another ..Vet If aft the appllcUle' --~~ have Mell,·_.11ed 

at thla level) •. btww.~· .... of tM.cb'4Al,.........,,.ttff;'a_..ed.lf:tha 
' . • " " .•. : , •.• • ; '. _.., •!" ..... , ,,.,,. ' 

user supplle• a •trigger• value for the eq•-·:1!'i::~;......,.. wllll•• , ... .,,.. Is 

Chapter Five - An overvitaw of the metalnterpra'ter 79. 
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,.,; ':'.'to.... ' ,..;;:4-~.'.'"'"'-' ·~_,., ,;". .,. ~; ,..._ ~ - , - - -

.-............ tt •••:•far nn1r ,_..to•,• ~~••J:W~.-~.,Of. 
Jti"''· ,- .. k:-i.t _, ,, ·.:-, .~i..l.~:._ -:.~-\u.J;#?. ·;_;a~i.Jf~--':.~-~:.: ~ _:l'"', 1 '·",~ ~.- ~ · _ ... _~-- ·--~-

..... -.._ ._ ...... -•• te9U In tlte -.anded ... ...., U.. Iterating 
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......._. ... Wtlt M u!llt ·•••1 :ta. a. W,¥1.fltf-.. ~·~···~·-; 
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,•1•2•1l1at,•.;i1J•11•I•·, I ltd.._ ···•i1i$ll'-"di1'1Miltii1Hi::.df ·tf.e 
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........ ,;} .......... ; •• u 1•' llftlillf·l·--·10;;;; , 
tM ... 1.llltaf .................. Jl•JLIU ....... IR of 
varlalll• .... In .. ....W•••lan· .. ~. ,,,,.., ..... ~~~\, ..... 

. ' ... ' 



poselbl• when rvalue Information le conaldered. 

There ~· other ,_.,.~ ~ ......,.,1""d••• _..._,lnfenDatlon. 

The r~ed .ftow ~ COUid, ...... .,.,,at a.·~· of every 

trllll8formatlon application but this would be Incredibly tnetldlnt- o!"i .....,tlve fer 

large Pf09'W. The ~ ~ ~ ~,,., .. ,t,.qJ wl·(Mlllan] onar an 
" . . ' ., ... "'."-' (~:.~.~~:~-~-ii:'-~ .,.:.;;:!~ ~.· 

efllcient ,_.....-ni.UPn 9f. h .de*8 •· ~ •t .-.. !b• Jnore•antally 
,. t . . . . . . . .. _ .. _ l_,,.;., ... ""·:··.x:. · . ~ .. -~.-~· :·-~·: . 

updated¥ .tone .. th4t~'--·••pb••)ab111at1.~ toacNidelete 

more etrafjht-llne COde 0r 'aooPa .oO.Pt.,-..ef;~-..Md-., _.). Thus, 
' 

the mor•."'8 ~,.,f:W~ ~i;;ll••*7td; __ .,. ._.,.,11 not 
I • ~ ' , . ~) 

known ~ only b.ft ~:;tiVh-. • _.: .. ;r.i.;...,.:•--~.,U. ~ and 
~ • ' • '. ">' ' 1- .' ·~, ..... ' ):;:-<!;, ;",,..:/. ' , •" '. 1

1 
' ! ' 

jolne of 'u.. gr41>h. A ••. percel\taga ~ ~ •i• aw.ct ·tlw graph 

lteetf - all 91 U.. tt•~ ·1n -~...._:,.:.;.. •. be'-=~ by 

I 

Incremental analys9-. I 
I 

. I 
In a ~t ~ •. --~ motion Gift of ........... lnatlran of Induction 

, ... . :.~\; . 

could be ~·l~ iJ. ttu..,~,,i~M;,,&laallt110~.,. ·de¥elDP•d for 
• t . ., . < ~ -.••:-/ 

regltlter alQcatfon aftd optlllal ordtirlno of tUcPr•••lan •xtMMlon. ....... aa.o be 

~ ~~t ... fQr.lnckiilkH\· ~---····-'' ..... .,., .... futw4N11t 

our ablHty to Implement the ~ ~--"* lr•1un '""'9•d blt 

th41t ottt.,..;. tll4t, Dot gh(~.- -~--tow -~le ...... ;.- taWercla an axc.._t · 

coda ~ator. 

' . 

§ts.a DmlctlOM for future re .. aroh 
' ' . 

'two ~vemMHI of reMarch are natural extenelone of the ~ reported here . 
. ,;~.~.: :l':.:··' 

The examplM of Ctlaptera a an~ 4 ·Indicate ttMlt .UC.. 119prove•nt could 'J:>• 111ade 
,--..:r.,"', 

to tM '"'8abllty of the Mtdinguage. Many oPW•tlona ~ performed durtng 

Chapter Five - Dtrectlone for future research 81. 
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The 8PO CGRflar ........... •PIH tNt•fw•1•t1 to flll~ ~ 

; ; i1 ··? 'i ."~ ,~r .' .: .. ;,;._. ,, . '._:fi:·;.~.~~"(-, .',,. .-;;,,,.,.,: ;:;,;..1 4~";'. i1~,.11~·t' ':-::-f-~ ~·<;. ·~"' :_~.t-'1~ ' ·, · '-· ~ 

GP9f•~~ ~ ,!;f~f"~~ ,~rit ~~~·,~ ,;~-="' tfhmR!.' ,, a,~,., .,l\rl• 
atralghtfoll#aftl ........... I . .-.t W tlte tLJ• ~ .~ .~ ......... 

'I , , '. ·t'i{; '"''.!.r;·· • .,· ·.,, 1:· "' ~J'''·r.,. ,,_~;;-~::r--::~'t\ft:: is':'--: •• ~ --~ :~.- - •. 

~ far -a•.. ~-- tlae aptllllll•a ow• .... Ill .._ Uftdertylng 

CIM!pter Plve - Dlreotlana tor fubMt N••• lilt 



program could lead t.o a very competent compller that Is Many maintained and 

lllOdtfted t.o· produce code for dltferent taroet Maclllnea. 

of th• wt lnter..tlnQ Is the proepect of creatlnQ a •ac.apUed• code generator 

b~ on an analyUI of the .,.,._., •• e Such ~tlon would require 

extenelve lnfoNatlon on the Interaction between COlllP..,•ta of the apeolflcatlon; 
' - - ·.~ ~ ,:.::',~~~~''}. . 

ttte·naetacompht ~·.~·to·~ -~·~'>MOl\.:tr••••uatlon In a 

much more t~. w~ .,tttaq .II· . ..-cJllll·;~··•, ._.,..,_ iapproaoh. 
,' ' •, -, ~ "" . -- ' ., 

• • . r -1'.. - ::;' .. t,:00··'!)~-~ ·:~ :;..l~ :'·_i · 

Complllng the ~tloft ~ ··....n.te lllUCh Gt .. ~ and backtracking 
~ , ' 

deeCrlbed' In the ~· Ot S6.2 . with the mutt of a vut -··· In th~ 
perfonnance. of . the ~ ,.a.r•1'r· rt. ~•llitlln ; ........ wit ahnoet 

·< ·-, . , , .,. . . '. "' ,, 
I • . :, ,,., _ :.,_-.tf·~.\ -~-:'-'~_..~ • ;··:,,;_ · ,,__ . , __ -..._ 

certainty, be ~ Jf tfi8 perfonunce of :·GU1;.,,....- ... •ldlar 1Jel 1D ...,_ch 
I 

that of oonv~ .. •(.hoo.~ _.,.., • .._ . 

. Metacamplla~ 18.~,.~·to . ..- ,,-,._...,. ..... ot-.tomatlc 

progr ... 9Yft........ Tb,,tt. ,apeoHloaU.. ~. by,.-..dLJML ........... , •• ny of'· 
. ' . . . . ;'I . r. . , , . '· .. . \~ '. ~,' .. -~. . . ;- . < '· • 

the ••• cllaracterlattca u deaorlptlona UHd In thMe ayntbeels eyatema [Green]: 
. _L~ •• 

ayete1119. ~la ~dly ,,. •. to .. ~ .... ,. ...... *-9.~ to be 
' ·. : '· . •• . ' -~~. • ., '." , "'. _, "",. r ; 

uaed In the ~iv·• of thtl -Pec11loat~. "*.'. ..... of r..arch Is •till virgin 
'" 

teUftofy .... ~ ... ~--,,, ._.,_f __ '_Wlz;tapr.-.yfllontftr . 
• ;; " .·- < • • 

., ' ' 
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